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PHASE III INTERGROUP TRIAL OF IRINOTECAN (CPT-11) (NSC#616348) PLUS
FLUOROURACIL/LEUCOVORIN (5-FU/LV) VERSUS FLUOROURACIL/LEUCOVORIN ALONE AFTER CURATIVE

RESECTION FOR PATIENTS WITH STAGE III COLON CANCER

Patient Eligibility Required Initial Laboratory Values

Histologically documented adenocarcinoma of the colon. Granulocytes ≥ 1,500/µl
The gross inferior (caudad) margin of the primary tumor Platelet Count ≥ 100,000/µl

must lie above the peritoneal reflection. Creatinine ≤ 1.5 x Upper Limit
Completely resected tumor, with pathologically documented of Normal (ULN)

Modified Astler-Coller Stage C (Tx,N1-2,M0) see Sec. 5.1. Bilirubin ≤ ULN
No history of distant metastatic disease.
No prior chemotherapy or radiotherapy for this malignancy.
No previous or concurrent malignancy except as specified in Section 5.2.2.
Age ≥ 18 years.
Zubrod Performance status: 0-2
Non-pregnant, non-lactating.

SCHEMA

R
A
N
D
O
M
I
Z
E

LV 500 mg/m2 I.V. over 2 hours, plus
5-FU 500 mg/m2 I.V. bolus at 1 hour after

initiation of LV

Weekly for 6 weeks followed by 2 weeks rest x 4
cycles (32 weeks total)

Week: 1     2     3    4     5     6     7    8  (x 4 cycles)

 CT   CT   CT   CT   CT   CT     R     R

Irinotecan 125 mg/m2 I.V. over 90 minutes*,
followed immediately by

LV 20 mg/m2 I.V. bolus, then
5-FU 500 mg/m2 I.V. bolus

Weekly for 4 weeks, followed by 2 weeks rest x 5
cycles (30 weeks total)

Week: 1    2     3    4     5     6  (x 5 cycles)

 CT   CT   CT   CT     R     R

ARM A

ARM B

CT = chemotherapy; R = Rest

* For the first two cycles of irinotecan, patients should remain in the treatment
area for a minimum of one hour following completion of the irinotecan infusion
in case acute abdominal cramping develops.

Patients must begin first treatment no earlier than 21 days and no later than 56 days post-
surgical resection.

Stratification
1. Lymph node involvement 3. Preoperative serum CEA

1. 1-3 involved lymph nodes. 1. < 5.0 ng/ml
2. 4 or more involved lymph nodes. 2. ≥ 5.0 ng/ml

2. Histology 3. Unknown
1. High (poorly differentiated or undifferentiated)
2. Low (well or moderately differentiated)

Registration: Registration will be accepted only through institutions with direct registration privileges.
Registration must occur prior to initiation of therapy. Confirm eligibility criteria (Sec. 5.0). Call the CALGB
Registrar (919-286-4704, Monday-Friday, 9 AM-5 PM Eastern Time).
NCCTG, NCIC CTG, ECOG, SWOG and CTSU Institutions see Section 6 for randomization instructions.
EPP Institutions see Appendix V for randomization instructions.
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1.0 INTRODUCTION

1.1 Disease Incidence and Prognosis

Colorectal cancers are among the most common malignant tumors in the Western
world. In 1998, 131,600 new cases were expected in the United States alone (1). The
disease can be highly lethal, with 56,500 deaths anticipated in this calendar year. A
large subset of patients present with disease limited to the locoregional area and are
able to undergo resection with curative intent (2,3,4). Many previous studies have
demonstrated that patients with early stage tumors (Modified Astler-Coller stages A
and B1 [T1-2 No Mo]) have a >90% 5-year survival; additional treatment postoperatively
is felt to be unnecessary for this favorable prognostic group. However, 40-60% of all
patients who undergo resection for potential cure are found to have more advanced
disease (Modified Astler-Coller stage B2 [T3-4 N0 M0] or C [Tx N1-2 Mo]). In this
population the risks of tumor recurrence are significantly higher. The 5-year disease-
free survival for patients with Modified Astler-Coller stage B2 ranges from 75-85%.
For all patients with Modified Astler-Coller stage C disease, 5-year survival is
approximately 50% without postoperative treatment (5-19).

1.2 Standard Adjuvant Therapy

Data from several trials have established 5-FU/LV as the current standard of care for
adjuvant treatment of colon cancer. The National Surgical Adjuvant Project for Great
and Bowel Cancers (NSABP) C-04 trial randomly assigned 2,151 Dukes B and C
patients to receive one of three postoperative treatments: 5-FU/high-dose LV on a
weekly x 6 schedule for 6 cycles, the same 5-FU/LV schedule with the addition of
standard dose oral levamisole, or 5-FU/levamisole, all for one year of therapy (20).
The addition of levamisole to 5-FU/LV in this trial did not appear to be beneficial.
The 5-FU/LV-containing arms appear to have done slightly better (not statistically
significant at this point) than the non-leucovorin containing arm (5-FU/levamisole).

A four-arm trial (2x2 design) by the North Central Cancer Treatment Group (NCCTG)
and the National Cancer Institute of Canada (NCIC) randomly assigned patients to 6
months of 5-FU/levamisole versus 12 months of 5-FU/levamisole, with or without
the addition of low-dose leucovorin (21). The conclusions of this trial indicate that
12 months of chemotherapy is not superior to 6 months, and that three drugs
(FU/LV/Lev) are not superior to two (FU/Lev) (22).

INT 0089 (CALGB 8896) compared 52 weeks of standard 5-FU/levamisole against 28
weeks of 5-FU/low-dose LV on a daily x 5 schedule, six months of 5-FU/low-dose
leucovorin on a daily x 5 schedule plus levamisole, and 32 weeks of high-dose weekly
LV plus 5-FU (23). Updated data submitted in abstract form to the 1998 ASCO meeting
show 5-year survivals ranging from 63-67% for the four study arms, with no
significant differences between the arms. The two 5-FU/LV arms (daily x 5 for 28
weeks or weekly x 32 weeks) have now both become widely accepted as the current
standard adjuvant regimens for colon cancer. The weekly high-dose LV regimen for
32 weeks has been selected for the control arm of the proposed new trial in order to
provide symmetry with the weekly CPT-11-containing investigational regimen.

1.3 Irinotecan (CPT-11)

CPT-11 is a semisynthetic derivative of camptothecin, a plant alkaloid obtained from
the Camptotheca acuminata tree (24-26). CPT-11 possesses greater aqueous solubility,
greater in vitro and in vivo activity, and is associated with less severe and more
predictable toxicity than camptothecin (27-31). CPT-11 has demonstrated antitumor
activity against metastatic colorectal cancer, both in 5-FU-refractory patients and in
chemotherapy-naive patients (32-34).
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1.4 Phase II Trials of CPT-11 in 5-FU-Refractory Colorectal Cancer

Data from three single-agent clinical studies (P&U studies 01, 3R, 06) involving a total
of 304 previously treated patients in 51 centers also support the use of CPT-11 in the
therapy of patients with metastatic cancer of the colon or rectum (34). Patients in
these studies all had colorectal cancers that had recurred or progressed following
treatment with at least one 5-FU-based therapy. In each study, CPT-11 was
administered in repeated 6-week cycles comprising 90-minute I.V. infusions once
weekly for 4 weeks, followed by a 2-week rest period. Starting doses of CPT-11 in
these trials were 100, 125, or 150 mg/m2.

In the intent-to-treat analysis of the pooled data across all three studies, 193 of the
304 patients began therapy at the starting dose of 125 mg/m2, which is proposed for
testing in the current trial. Among these 193 patients, 2 complete and 26 partial
responses were observed for an overall response rate of 14.5% (95% Confidence
Interval (CI), 9.5 to 19.5%) at this starting dose. An additional 53.9% (104/193) of the
patients treated at a starting dose of 125 mg/m2 achieved a best response of stable
disease by formal response criteria, but many of these patients experienced
substantial reductions in their total tumor burden at some time during the study. The
majority of responses were observed within the first two cycles of therapy, and all of
the responses were observed by the fourth cycle of therapy. The median duration of
response for patients beginning therapy at 125 mg/m2 was 5.2 months (range, 2.6 to
15.1 months).

1.5 Phase II Trials of CPT-11 in Previously Untreated Colorectal Cancer

At Memorial Sloan-Kettering Cancer Center, 41 patients with previously untreated
metastatic colorectal cancer were enrolled and treated in an NCI-sponsored trial (33).
There were 25 females and 16 males with a median age of 60 years (range, 19 to 84
years). Thirty-two percent (13/41, 95% CI: 18-46%) achieved partial responses.
Eighteen additional patients (44%) had either a less than 50% reduction in tumor size
or stable disease, and ten (24%) had disease progression as their best response. The
median time to tumor progression was 4.0 months. For the 13 major responders, the
median duration of response was 4.9 months. The median survival time for all
patients was 10.9 months. The most common serious medical events were grade 3 or
4 late (occurring >24 hours post-infusion) diarrhea (27%); leukopenia (12%);
neutropenia (20%), and nausea/vomiting (9.8%). The incidence of grade 3 or 4 late
diarrhea, initially 56% (10/18), was reduced to 9% (2/23) with early and frequent use
of loperamide and diphenhydramine.

The NCCTG completed enrollment in a multicenter phase II study of 31 patients with
previously untreated colorectal cancer (35). There were 24 males and 7 females with
an average age of 66 years (range, 32 to 81 years). In these patients the response rate
was 29% (9/31, 95% CI: 13-45%); all were partial responses. An additional 16 patients
(52%) had a minor response or stable disease, and six (19%) had disease progression.
The median time to tumor progression was 4.4 months. For the 9 responders, the
median duration of response was 4.4 months. The median survival time for all
patients was 11.7 months. This protocol also demonstrated that late diarrhea and
myelosupression were the most common serious toxicities. grade 3 or 4 late diarrhea
was observed in 25.8% of the patients. grade 3 or 4 leukopenia and neutropenia were
also observed in 25.8% of the patients.
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1.6 Rationale for Combining CPT-11 with 5-FU/LV

5-FU plus LV is the most common standard care regimen for the treatment of patients
with metastatic colorectal cancer in the United States. CPT-11 has demonstrated
substantial clinical activity in patients with colorectal cancer, including activity in
patients with no prior therapy and in patients with documented cancer progression
during prior 5-FU chemotherapy. In view of these clinical observations, there is a
clear rationale for combining these two agents in an attempt to achieve maximal
antitumor effect with acceptable toxicity to the patient.

1.7 Phase I Study Supporting the Present Study Regimen

The combination of CPT-11 and 5-FU/LV in this study is based upon a study (MSKCC
#94-46, P&U #M6475-0007) conducted by Saltz, et al., at Memorial Sloan-Kettering
Cancer Center in New York (36). Each six-week cycle consisted of four weeks of
treatment followed by two weeks of rest, the schedule of CPT-11 administration most
extensively evaluated in North America. A total of 42 patients with solid tumors were
enrolled, 38 of whom had colorectal cancer. The CPT-11 dose was initially fixed at
100 mg/m2. The LV dose was fixed at 20 mg/m2. 5-FU dosing was begun at 210 mg/m2

(N=3) and escalated to 265 mg/m2 (N=3), 340 mg/m2 (N=3), and 425 mg/m2 (N=6). The
protocol was subsequently amended to increase dosing to 500 mg/m2 5-FU (N=3) and
later to 500 mg/m2 5-FU with 125 mg/m2 (N=3) or 150 mg/m2 (N=3) CPT-11. With
careful use of intensive loperamide therapy at the first sign of loose stool, diarrhea
was of minimal clinical significance in this trial. No patient developed grade 3 or 4
diarrhea during the dose escalation phase of the study. Leukopenia and neutropenia
proved to be dose limiting at combined doses of 150 mg/m2 of CPT-11 and 500 mg/m2

of 5-FU. Based on these results, the recommended phase II/III dose level was 125
mg/m2 of CPT-11, 500 mg/m2 of 5-FU, and 20 mg/m2 of LV. An additional 14 patients
were treated at the recommended phase II doses. Only three of these patients had
grade 3 diarrhea. Neutropenic fever was acceptably low, occurring in only four of the
patients. Substantial evidence of objective tumor activity was observed with 15.8%
(6/38) of the colorectal cancer patients responding to treatment. It was concluded that
this combination regimen of CPT-11 and 5-FU/LV can be safely administered and has
evidence of promising antitumor activity.

Pharmacokinetic sampling in MSKCC 94-46 was designed to address the possibility
that 5-FU might inhibit conversion of CPT-11 to its active metabolite, SN-38. Only
CPT-11 was given on day 1 of the first treatment week, and pharmacokinetic samples
for CPT-11 and SN-38 were obtained over 24 hours (CPT-11 alone). 5-FU/LV
administration was delayed to day 2 for only this week. At week 2, 5-FU/LV was
administered immediately after CPT-11 (CPT-11 then 5-FU/LV) and pharmacokinetic
assessments were repeated. In the second six-week treatment cycle, 5-FU/LV was given
immediately before CPT-11 (5-FU/LV then CPT-11) and a third pharmacokinetic
assessment was performed. Thus, each patient had CPT-11 sampling performed with
and without 5-FU/LV and with 5-FU/LV given before and after CPT-11.
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No substantial differences in mean CPT-11 pharmacokinetic parameters when CPT-
11 was administered with and without 5-FU/LV were observed. A small reduction in
SN-38 Cmax and AUC0-24 values was observed on week 2 (CPT-11 then 5-FU/LV)
compared with week 1 (CPT-11 alone). However, the mean percent decrease in AUC0-24

values among patients was only 8% when compared with the corresponding values
determined when CPT-11 was given alone. In addition, it is unlikely that 5-FU/LV
altered the conversion of CPT-11 to SN-38 since SN-38 pharmacokinetic parameters
determined when CPT-11 was given immediately after 5-FU/LV (5-FU/LV then CPT-
11) were similar to those when CPT-11 was given alone. Based on these data, it was
concluded that 5-FU/LV does not appear to exert a substantial effect on the
metabolism of CPT-11 to its active metabolite.

Phase III trial in advanced disease. A Pharmacia & UpJohn-sponsored phase III trial
is in progress in stage IV colorectal cancer comparing the CPT-11/5-FU/LV regimen
developed by Saltz, et al. (36) with 5-FU/LV (Mayo clinic low-dose schedule) and with
CPT-11 alone. Accrual to this study is continuing. An interim analysis of severe
adverse events is pending.

Rationale for current adjuvant trial. The demonstration of activity of irinotecan in
metastatic colorectal cancer, including FU-refractory disease, suggests that there may
be a role for irinotecan in the adjuvant treatment of colorectal cancer. The rationale
for this concurrent administration schedule is that by giving substantial doses of
putatively non-cross-resistant chemotherapies concurrently, the ability to eradicate
residual micrometastatic disease may be improved over the use of either agent alone.
The proposed adjuvant study will test the effectiveness of this CPT-11/5-FU/LV
regimen versus a standard 5-FU/LV regimen. Major endpoints will be disease-free
survival and overall survival.

2.0 OBJECTIVES

2.1 Primary Objectives

2.1.1 To determine whether overall survival is prolonged in patients with stage III (TxN1-

2M0) colon cancer who are treated with a weekly adjuvant therapy regimen of
irinotecan (CPT-11), fluorouracil (5-FU), and leucovorin (LV) over 30 weeks when
compared to patients who are treated with a standard weekly 5-FU/LV regimen for
32 weeks.

2.1.2 To determine whether disease-free survival is prolonged in patients with stage III
(TxN1-2M0) colon cancer who are treated with a weekly adjuvant therapy regimen
of irinotecan (CPT-11), fluorouracil (5-FU), and leucovorin (LV) over 30 weeks
when compared to patients who are treated with a standard weekly 5-FU/LV
regimen for 32 weeks.

2.2 Secondary Objectives

2.2.1 To prospectively assess putative prognostic markers (TS, p53 status, p21, p27,
VEGF, MVD, DCC, MSI, and topo-1) and correlate their expression with disease-
free survival and overall survival.

2.2.2 To prospectively assess the influence of diet, body mass index, and physical
activity on the risk of cancer-recurrence and survival among patients with stage
III colon cancer.

2.2.3 To assess the influence of diet, obesity, and physical activity on the risk of
toxicity associated with adjuvant therapy.
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2.3 To determine whether pathologic features including tumor grade; tumor mitotic
(proliferation) index; tumor border configuration; host lymphoid response to tumor;
and lymphatic vessel, venous vessel and perineural invasion predict outcome in this
patient population.

(Please see Appendix VI for pathology companion study design, methods, and statistical
considerations).

3.0 INCLUSION OF WOMEN AND MINORITIES

Women and minorities will be eligible for this study without alteration in eligibility
criteria. The following table is based on results from Int-0089. We expect that the gender
and minority composition of the 89803 patient group will be as follows:

American
Indian or
Alaskan
Native

Asian or
Pacific

Islander

Black, not
of Hispanic

Origin

Hispanic White, not
of Hispanic

Origin

Total

Female 0.5% 1.0% 5% 1.5% 47% 55%

Male 0.5% 0.5% 5% 1.0% 38% 45%

Unknown 0 0 0 0 0 0

Total 1.0% 1.5% 10% 2.5% 85% 100%

HHS Racial and Ethnic Categories

American Indian or Alaskan Native: A person having origins in any of the original peoples of North
America, and who maintains cultural identification through tribal affiliation or community
recognition.

Asian or Pacific Islander:  A person having origins in any of the original peoples of the Far East,
Southeast Asia, the Indian subcontinent, or the Pacific Islands. This area includes China, India,
Japan, Korea, the Philippine Islands and Samoa.

Black, not of Hispanic Origin: A person having origins in any of the black racial groups of Africa.

Hispanic: A person of Mexican, Puerto Rican, Cuban, Central or South American or other Spanish
culture or origin regardless of race.

White, not of Hispanic Origin: A person having origins in any of the original peoples of Europe, North
Africa, or the Middle East.

4.0 ON-STUDY GUIDELINES

4.1 General Information

This clinical trial can fulfill its objectives only if patients appropriate for this trial
are enrolled. All relevant medical and other considerations should be taken into
account when deciding whether this protocol is appropriate for a particular patient.
Physicians should consider the risks and benefits of any therapy, and therefore only
enroll patients for whom this treatment is appropriate. Although they will not be
considered as formal eligibility (exclusion) criteria, as part of this decision making
process, physicians should recognize that the following may seriously increase the
risk to the patient entering this protocol:

• Psychiatric conditions which would prevent compliance with treatment or
adequate informed consent.

• A medical condition such as uncontrolled infection or cardiac disease which, in
the opinion of the treating physician, would make this protocol unreasonably
hazardous for the patient.
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• Active uncontrolled bacterial, viral (including HIV or clinically defined AIDS), or
fungal infection.

• Allergies to fluorouracil, leucovorin, or irinotecan.

5.0 ELIGIBILITY CRITERIA

5.1 Required Tumor Parameters

5.1.1 Patients must have histologically documented adenocarcinoma of the colon. The
gross inferior (caudad) margin of the primary tumor must lie above the peritoneal
reflection. Tumor must have been completely resected, including negative radial
resecting margins.

5.1.2 There must be no history of distant metastatic disease at the time of registration.

5.1.3 Pathological evaluation must show Modified Astler-Coller stage C (TxN1-2M0)
disease.

5.2 Prior Therapy

5.2.1 No prior chemotherapy or radiation therapy for treatment of this malignancy.

5.2.2 No previous or concurrent malignancy is allowed except for adequately treated
basal cell or squamous cell skin cancer, in situ cervical cancer, or other cancer
for which the patient has been disease-free for five years.

5.3 Patient Characteristics:

5.3.1 Age ≥18 years.

5.3.2 Zubrod performance status of 0-2.

5.3.3 Non-pregnant and not nursing, as chemotherapy is thought to present substantial
risk to the fetus/infant. Men and women of reproductive potential may not
participate unless they have agreed to use an effective contraceptive method while
in this study.

5.4 Required Initial Laboratory Values:

Granulocytes ≥ 1,500/µl
Platelet count ≥ 100,000/µl

Creatinine ≤ 1.5 x upper limits of normal
Bilirubin ≤ upper limit of normal

6.0 RANDOMIZATION, STRATIFICATION, DATA SUBMISSION, AND SAMPLE PROCUREMENT & SUBMISSION

6.1 Informed Consent: The patient must be aware of the neoplastic nature of his/her
disease and willingly consent after being informed of the procedure to be followed, the
experimental nature of the therapy, alternatives, potential benefits, side-effects,
risks, and discomforts. Human protection committee approval of this protocol and
a consent form is required.

6.2 Patients must be randomized (and begin treatment) no later than 56 days post-surgical
resection. Patients must begin first treatment no earlier than 21 days and no later
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than 56 days post-surgical resection. No patient may begin therapy without prior
study registration.

6.3 Randomization Procedures

6.3.1 CALGB Institutions

Registration will be accepted only through institutions with direct registration
privileges. Registrations must occur prior to initiation of therapy. Confirm
eligibility criteria (Sec. 5.0). Call the CALGB Registrar (919-286-4704, Monday-
Friday, 9 AM-5 PM, Eastern Time) with the following information:

Your name
Study #
Institution #
Treating Physician
Patient' s Social Security #
Patient' s Name, I.D.#
Date of  Signed Informed Consent
Race, Sex, Date of Birth
Zip code of residence
Method of payment
Diagnosis, Date of Diagnosis
Eligibility Criteria met (Sec. 5.0) (no, yes)
Stratification Factors
List prior CALGB protocols
Date of most recent Institutional Review Board approval (<1 year)

The Main Member Institution will receive a Confirmation of Registration. Please
check for errors. Submit corrections in writing to CALGB Data Management
Center, First Union Plaza, Suite 340, 2200 West Main Street, Durham, NC 27705.

6.3.2 NCCTG Randomization Procedures

A signed HHS 310 form must be on file for this study at the NCCTG
Randomization Center before a NCCTG institution may enter a patient.

To register a patient, fax (507/284-0885) a completed eligibility checklist to the
NCCTG Randomization Center between 8:00 AM and 3:30 PM Central Time,
Monday through Friday. The NCCTG Randomization Center will obtain and
confirm all eligibility criteria.

The NCCTG Randomization Center will then contact the CALGB Registrar to
register the patient. Copies of the CALGB Confirmation of Randomization form
will be provided by the NCCTG Operations Office to the referring institution.

6.3.3 NCIC CTG Randomization Procedures

The following documentation must be on file at the NCIC CTG central office prior
to randomization.

For all Principal and Co-Investigators:

• A signed HPB 3005 form

• Current c.v. (updated within the past 2 years)

• Documentation of REB approval of the study and consent form and REB
receipt of the investigator's brochure, copy of REB approved consent form (on
institutional letterhead), REB membership (consistent with ICH and OPRR
membership requirements), completed NCIC CTG participant's list, a current
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Cooperative Project Assurance number, laboratory certification and lab
normal values. Please note that documented annual approval of the study is
required as long as patients are being followed on the study.

• In addition, all investigators must have an NCI US Investigator number or
must complete and sign the FDA Form 1572 prior to activation. FDA forms
should be returned by investigators directly to the NCI US, where NCI US
Investigator numbers will be assigned.

Randomizations will be accepted on Monday to Friday between 8:00 AM and 5:00
PM Eastern Time. The eligibility checklist must be completed prior to
randomization, The randomization may be done by telephone (613-533-6430) or
by fax (613-533-2941). As soon as eligibility is ascertained (including an REB
approval date within 1 year prior and the existence of a signed consent form) a
call will be placed to the CALGB Registrar between 9:00 AM and 5:00 PM Eastern
Time. NCIC CTG will then relay the treatment assignment to the centre and
confirm it in writing.

6.3.4 ECOG Randomization Procedures

A signed HHS 310 Form, a copy of the institution's IRB-approved informed
consent document and a written justification for any changes made to the
informed consent for this protocol must be on file at the ECOG Coordinating
Center before an ECOG institution may enter patients. These will be submitted to:

ECOG  Coordinating Center
FSTRF

ATTN: IRB
303 Boylston Street

Brookline, MA, 02445.

To register an eligible patient on the study, the investigator will telephone the
Randomization Desk at the ECOG Coordinating Center at 617-632-2022, Monday-
Friday, between the hours of 9:00 AM and 4:30 PM ET to allow time to call the
CALGB that same day. ECOG members should not call the CALGB directly. The
following information will be requested:

b) Protocol Number

c) Investigator Identification (including institution and/or affiliate name and
Investigators name)

d) Patient identification (including patient's name or initials, chart number,
social security number)

e) Patient demographics (sex, birth date, race, nine-digit zip code, and method
of payment)

f) Eligibility verification

Patients must meet all of the eligibility requirements listed in Section 5.0. The
randomization specialist will verify eligibility by asking questions from the
checklist, and will also verify IRB approval. The ECOG randomization Desk will
then contact CALGB to enter the patient, after which the ECOG Coordinating
Center will contact the institution to relay the treatment assignment for this
patient. The CALGB will then forward a confirmation of treatment assignment to
the ECOG Coordinating Center for routing to the ECOG participating institution.

6.3.5 SWOG Randomization Procedures

SWOG        Group         Member        and        Affiliates:    Patients from Southwest Oncology Group
Member and Affiliate institutions must be registered with the Southwest Oncology
Group Statistical Center by telephoning 206/667-4623 between the hours of 6:30
a.m. and 1:30 p.m. (PT) Monday through Friday, excluding holidays. The
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Statistical Center will confirm that the patient is eligible and will request the
date informed consent was obtained and the date of IRB approval for each entry.
The Statistical Center will then contact the CALGB Registrar to randomize the
patient after which the Statistical Center will contact the institution to confirm
registration and relay the treatment assignment for that patient. The CALGB
Registrar will forward a Confirmation of Randomization to the Statistical Center
for routing to the appropriate institution.

SWOG         CCOP        Institutions:    Patients from Southwest Oncology Group CCOP
institutions must be registered with the Southwest Oncology Group CCOP Office
by telephoning 206/652-CCOP (206/652-2267) between the hours of 7:00 a.m. and
1:30 p.m. (PT), Monday through Fridays, excluding holidays. The CCOP Office will
confirm that the patient is eligible and will request the date informed consent
was obtained and the date of IRB approval for each entry. The CCOP Office will
then contact the CALGB Registrar to randomize the patient after which the CCOP
Office will contact the institution to confirm registration and relay the treatment
assignment for that patient. The CALGB Registrar will forward a Confirmation
of Randomization assignment to the Statistical Center for routing to the CCOP
Office and the appropriate institution.

Please note: Southwest Oncology Group institutions will follow their normal
procedures for documentation of IRB approval.

6.3.6 Registration / Randomization, CTSU Investigators:

Prior to the recruitment of a patient for this study, investigators and their
institutions must be registered members of the CTSU. Each CTSU investigator or
group of investigators at a clinical site must obtain IRB approval for this protocol
before they can enroll patients.

CTSU        Procedures       for        Patient        Enrollment:   Contact the CTSU Patient Registration
Office by calling 1-888-462-3009 to alert the CTSU Patient Registrar that an
enrollment is forthcoming. To enroll the patient, the investigator should
complete the following forms:

• CTSU Enrollment Coversheet

• C89803 Eligibility Checklist

• CALGB Confirmation of Randomization (complete all sections except for
“CALGB Patient Number”, “Eligibility Criteria”, and “Treatment”)

These forms should be faxed to the CTSU Patient Registrar at 1-888-691-8039
between the hours of 8:00 am and 4:30 p.m., Eastern time. The CTSU registrar will
check the investigator and site information provided to insure that all regulatory
requirements have been met. The registrar will also check the forms for
completeness and follow-up with the site to resolve any discrepancies. Once
investigator and patient eligibility are confirmed, the CTSU will contact the
CALGB  Data Management Center (DMC) to obtain a randomization assignment
and assignment of a unique patient ID. The CTSU will then contact the enrolling
site and convey the CALGB patient ID number (to be used on all future forms and
correspondence) and the patient’s treatment assignment. This will be followed by
two e-mails to the enrolling site: a CALGB-generated Confirmation of Registration
and a CALGB-generated Confirmation of Treatment.
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6.4 Stratification

6.4.1 Lymph node involvement

1. 1-3 involved lymph nodes.

2. 4 or more involved lymph nodes.

6.4.2 Histology

1. High (poorly differentiated or undifferentiated)

2. Low (well or moderately differentiated)

6.4.3 Preoperative serum CEA

1. < 5.0 ng/ml

2. ≥ 5.0 ng/ml

3. Unknown
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6.5 Data Submission

Submit forms to the appropriate cooperative group office listed in Section 6.5.1 at the
following intervals:

Form Submission Schedule

C-584 GI Adjuvant Intergroup On-Study Form
Prestudy Radiologic Reports Within one week of registration.
Pathology and Operative Reports*

C-447 Tissue Sample Tracking Form - Blocks
(Also include a copy of the pathology
report)

Send original with paraffin block to
the Pathology Coordinating Office
and send a copy to the Data
Management Center. Submit within
1 month of registration.

C-586 GI Adjuvant Treatment Form Each cycle during protocol therapy.

C-528 CALGB 89803 Toxicity Form
Each cycle during protocol therapy. 
After the completion of protocol
therapy; submit form every 3
months for 1 year; or at recurrence;
and at death.

C-585 GI Adjuvant Follow-up and Recurrence
Form

Each cycle during protocol therapy. 
After the completion of protocol
therapy; submit form every 3 months
for 2 years, then every 4 months for
2 years, and at the beginning of year
5; annually for 3 years, or at
recurrence, and at death.

At the beginning of the third cycle of
Food Questionnaire treatment; 6 months following the

end of treatment.

Pathology Reports* At any re-evaluation of patient’s
Radiology Reports disease.

C-300 CALGB: Off Treatment Notice At end of all protocol treatment.

C-215 CALGB Secondary Malignancy Form At second malignancy.

C-113 CALGB Notification of Death Form At time of death.

* Legible copies of institutional operative notes and pathology reports must be submitted to the
CALGB Data Management Center with the other required CALGB forms.
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6.5.1 Data Form Submission Data forms should be submitted to the following
cooperative group offices according to the schedule outlined in Section 6.5.

CALGB Institutions submit forms to:

CALGB Statistical Center
Hoch Plaza,
2424 Erwin Road, Suite 802
Durham, NC 27705

NCCTG Institutions: The original data forms as listed in this section should be
submitted at the required intervals to the NCCTG Operations Office.

NCCTG Operations Office
200 First Street Southwest
Rochester, MN 55905

Include the CALGB study number and patient number. The NCCTG Operations
Office will forward the forms to the CALGB Data Management Center. In
addition, the CALGB Pathology Submission Form C-447 must be completed
within one month of registration.

NCIC CTG Institutions submit forms to:

NCIC Clinical Trials Group
Queens University
82-84 Barrie Street
Kingston, Ontario
Canada  K7L 3N6

A single set of case report forms (CRFs) will be sent to each centre (for
photocopying and use) following local activation. CRFs should be completed
and submitted to the NCIC CTG central office according to the submission
schedule in Section 6.5. In addition to the required forms as listed, a copy of
the signed consent form must be submitted for each patient. The CALGB and
NCIC CTG patient number as well as patient initials must be recorded on each
form. CRFs will be forwarded to CALGB by the NCIC CTG.

ECOG Institutions:

The original Data forms as listed  in Section 6.5 should be submitted at the
regular intervals to the ECOG coordinating center at the following address:

ECOG  Coordinating Center
FSTRF
ATTN: IRB
303 Boylston Street
Brookline, MA, 02445.

Include the CALGB and ECOG study and patient numbers. The ECOG
Coordinating Center will the forward the forms to the CALGB.

Do not use ECOG forms for this study, with the exception of the Adverse
Reaction (ADR)  Form (#391RF) and ECOG Pathology Submission Form (#638).
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SWOG Institutions:

Group         Members        and        Affiliates      :     Two copies of the original data forms as listed in
Section 6.5 must be submitted at the required intervals for forwarding to the
CALGB Data Management Center:

The Southwest Oncology Group Statistical Center
Fred Hutchinson Cancer Research Center
1100 Fairview Avenue North
MP-557, P.O. Box 19024
Seattle, WA  98109-1024

Include the CALGB and SWOG protocol numbers and patient numbers on each page
of data.

CCOP       Institutions   :  Two copies of the original data forms as listed in Section 6.5
should be submitted at the required intervals to:

Cancer Research and Biostatistics (CRAB)
ATTN:  SWOG CCOP Office
1100 Olive Way, Suite 1150
Seattle, WA  98101-1892

Include the CALGB and SWOG protocol numbers and patient numbers on each page
of data.  The Southwest Oncology Group CCOP Office will forward a copy to the
CALGB Data Management Center.

CTSU Institutions

Data        Forms        and       Reports   : All data forms for this study are available for download
from the CTSU website. CTSU investigators should use the protocol-specific
CALGB forms and adhere to the CALGB schedule for data submission, including
the submission of radiology, pathology, and operative reports. A CTSU data form
should accompany all forms and reports submitted to the CTSU.

With the exception of the patient registration forms (which should be faxed), all
original forms and reports must be mailed directly to the CTSU.  The CTSU will
forward all information to the CALGB.

Mail forms or data to:

CTSU Data Processing Manager
CTSU Data Center
WB 408
1441 W. Montgomery Avenue
Rockville, MD  20850-2062

6.5.2 Treatment Codes

1. Patient is receiving protocol therapy.

5. Patient has discontinued protocol therapy and is in follow-up.

6. Patient is receiving non-protocol therapy.

6.5.3 Common Toxicity Criteria: This study will utilize the Common Toxicity Criteria
version 2.x for toxicity and adverse event reporting. A copy of the CTC version 2.X
can be accessed from the CTEP home page (http://ctep.info.nih.gov).
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6.6 Sample Procurement

Blocks will be carefully banked and processed for this study according to routine
CALGB Pathology Coordinating Office (PCO) paraffin tissue bank policy procedures
detailed below. The policy includes the following four components:

a) Safeguards to address medical/legal concerns of submitting institutions’
pathologists;

b) Quality control of storage and sectioning of blocks;

c) Quality assurance of stored/sectioned material;

d) Scientific review process for utilization of specimens.

We respect and are sensitive to the medical/legal concerns of submitting institutions’
pathologists and have developed CALGB pathology policy that incorporates the
following criteria:

1. All precautions are taken to prevent exhausting the tissue block.

2. A minimum of three H & E sections (obtained at different thicknesses throughout
the block) remain on file at the CALGB PCO.

3. A minimum of two unstained sections (4 micron thickness) remain on file at PCO.

4. Unused portions of blocks are stored at the CALGB PCO, unless hospital policy
prohibits such storage.

5. Unused portions of blocks, H & E slides, and unstained slides are available to the
submitting institution by overnight carrier for any emergent medical or legal
need.

The CALGB has also instituted special considerations for the small percent (5%) of
hospitals whose policy prohibits long-term storage of blocks, and the smaller
percentage (4%) of hospitals whose policies prohibit release of any block. Specific
questions concerning the processing and storage of blocks should be directed to The
CALGB Pathology Coordinating Office at the Ohio State University.

The treating institutional pathologist should screen and select the appropriate blocks
for submission.

Slides will be prepared and/or routed from the CALGB PCO to the laboratory
companion investigators. Please see Appendix I for details.
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6.7 Sample Submission

6.7.1 CALGB Institutions

The following are required to be submitted to:

CALGB Central Pathology Office
The Ohio State University
B054 Graves Hall
333 West 10th Ave.
Columbus, OH 43210-1239

Phone: (614) 688-3495
Fax: (614) 292-5618

1. At least one (three if possible) paraffin embedded block(s) with REPRESENTATIVE
TUMOR properly identifying:

a. Patient’s name and institution

b. CALGB patient number

c. CALGB study number

2. One paraffin embedded block with NORMAL COLONIC MUCOSA OR UNINVOLVED
LYMPH NODE properly identifying:

a. Patient’s name and institution

b. CALGB patient number

c. CALGB study number

3. Original    completed     CALGB Form C-447. A copy of Form C-447 is to be submitted
to the CALGB Data Management Center.

4. A copy of the responsible pathologist’s pathology report from the TREATING
institution, and, if applicable, the REFERRING institution.

5. A copy of the operative report.

6.7.2 NCCTG Institutions

NCCTG members will forward a portion of their blocks to the NCCTG Tissue Bank
Repository at the NCCTG Research Base. The NCCTG Operations Office Pathology
Coordinator will forward the blocks to the CALGB who will, at the completion of
all translational research, return any unused tissue to the NCCTG Operations
Office. CALGB will notify NCCTG in the event a block has been depleted. All
residual tissue will be retained at the NCCTG Research Base but will be accessible
by NCCTG members upon request. NCCTG will notify the submitting NCCTG
institutional pathologist in the event a block has been depleted.

6.7.3 NCIC CTG Institutions

Following randomization, the Queen's University Pathology Department will
request submission of blocks as described in Section 6.7.1. The blocks are to be
clearly marked with the patient's initials and NCIC CTG and CALGB patient and
study numbers. DO NOT INCLUDE PATIENT NAMES ON THE BLOCKS. The blocks
should be sent with a completed CALGB Form C-447 and pathology and operative
reports to the Queen's University Pathology Department. These will be forwarded
to CALBG--do not submit blocks directly to CALGB.
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6.7.4 ECOG Institutions:

Paraffin blocks of the tumor tissue and normal tissue will be required for tissue
banking review. The blocks, along with the completed ECOG Pathology Material
Submission Form (#638), the CALGB Pathology Submission Form (C-447), and the
institutional pathology report should be submitted within one month of study
entry. If insufficient  tissue is available following diagnostic pathology to provide
the paraffin block, a letter stating this must be sent to the ECOG Pathology
Coordinating Office within 6 months of patient registration. The blocks should
be sent to the ECOG Pathology Coordinating Office at:

ECOG  Pathology Coordinating Office
Evanston Hospital, Room B624

2650 Ridge Avenue
Evanston, IL 60201

Include the ECOG and CALGB and patient identification numbers. The ECOG
Pathology Coordinating Office will forward the slides from the blocks to
CALGB Pathology Coordinating Office for the correlative studies outlined in
Appendix I and VII of the protocol. A copy of the completed submission forms
will be sent to the ECOG Coordinating Center by the Pathology Coordinating
Office. The submitting pathologist should be informed that the blocks
submitted for this protocol will be banked for further laboratory studies, and
therefore, will not be returned to the submitting institution unless requested.
In order to facilitate tissue collection, ECOG is requesting that when possible,
extra tissue/blocks of tumor be made for patients entering the study.

NOTE: Those institutions that are unable to submit blocks should call the
ECOG Pathology Coordinating Office at 847-570-1133 for slide preparation
instructions.

NOTE: ECOG institutions should not send pathology materials directly to the
CALGB.

6.7.5 SWOG institutions:

Southwest Oncology Group institutions should follow the Pathology Submission
guidelines for CALGB institutions outlined in Section 6.7.1.

All pathology reports and routing forms should be sent directly to the CALGB
Data Management Center. In addition, all Pathology Materials should be sent
directly to the CALGB Pathology Coordinating Office.
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6.7.6 CTSU Institutions:

CTSU institutions should follow the Pathology Submission guidelines for CALGB
institutions outlined in Section 6.7.1.

Pathology specimens should not be sent to the CTSU.  Submit the following
materials and forms to the CALGB Central Pathology Office at the address below
within 1 month of registration:

CALGB Central Pathology Office
The Ohio State University

B054 Graves Hall
333 West 10th Ave.

Columbus, OH 43210-1239
Ph: 614-688-3495
Fax: 614-292-5618

Copies  of the CALGB Form C-447, operative report, and of the responsible
pathologists' report from the treating institution, and, if applicable, from the
referring institution, should also be sent to the CTSU. 

6.8 Pathologic and Histologic Studies

In order to meet the histopathological objectives of this protocol, submitting
institutional pathologists are expected to specify in their pathology reports which of
the following histologic factors is present in the patient’s tumor:

• Extracellular mucin (>50% of tumor mass)

• Small blood/lymphatic vessel invasion

• Extramural invasion

• Perineural invasion

• Infiltrating (non-pushing) tumor border

• Peri-tumoral host lymphoid response



CALGB 89803

11/15/0423

7.0 REQUIRED DATA

Patients must be randomized (and begin treatment) no later than 56 days post-surgical
resection. Patients must begin first treatment no earlier than 21 days and no later than
56 days post-surgical resection. No patient may begin therapy without prior study
registration. Unless excepted in the table below, pre-therapy tests must be completed as
follows:

Guidelines For Pre-Study Testing

To be completed within 16 DAYS before registration:
- All bloodwork, history and physical

To be completed within 90 days before registration:
- Chest x-ray

Prior to
Registration

Day 1 of
each cycle

6 weeks after final
dose of chemo

Post Treatment
Follow up*

Tests & Observations

History and Progress Notes X X X X
Physical Examination X X X X
Pulse, Blood Pressure X X X
Height/ Body surface area X
Weight X X X
Performance Status X X X
Drug Toxicity Assessment Weekly** X
Dietary Assessment D E

Laboratory Studies†

CBC, Differential, Platelets X Weekly** X X
Serum Creatinine, BUN X PRN
AST, Alk. Phos., Bilirubin X PRN X
CEA X X X
PT X A

Staging

Chest x-ray, PA & Lateral X B
Histologic Review X
Biopsy C

† Lab tests completed within 14 days prior to Day 1 of Cycle 1 need not be repeated.
* At least every 3 months for 2 years, then every 4 months for 2 years, then yearly for

3 years (7 years total).
** Prior to each weekly dose of chemotherapy (not required during rest weeks).
A Weekly for patients on Arm B who are taking Coumadin.
B Annually x 5 years.
C First recurrence should be confirmed by biopsy when possible.
D At the beginning of cycle 3.
E Six months following the end of treatment.
PRN To be obtained as clinically indicated.
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8.0 TREATMENT PLAN

Treatment is to begin between 21 and 56 days after the definitive surgical procedure.

Patients should be carefully monitored for evidence of thrombo-embolic disease during
adjuvant treatment. Prophylactic therapy for venous thrombo-embolic disease such as
mini-dose heparin or low molecular weight heparin is encouraged for patients during
periods of risk for thrombotic events (such as patients with limited activity due to
hospitalization). Patients with a history of coronary artery disease should be maintained
on low-dose Aspirin prophylaxis if medically indicated.

8.1 ARM A

5-FU and leucovorin (4 cycles): One cycle of therapy is comprised of a six-week
treatment period and a two-week rest period. Four 8-week cycles totaling 32 weeks are
planned. Patients will receive leucovorin 500 mg/m2 as a two hour intravenous
infusion with 5-FU 500 mg/m2 given as a bolus intravenous injection at one hour
after initiation of leucovorin. Treatments will be given weekly for six consecutive
weeks followed by a two-week rest.

8.2 ARM B

CPT-11, 5-FU, and leucovorin (5 cycles): One cycle of therapy is comprised of a four-
week treatment period and a two-week rest period as outlined below. Five 6-week
cycles totaling 30 weeks are planned.

8.2.1 The starting dose of CPT-11 will be 125 mg/m2 (infused over 90 minutes) given
once per week on four consecutive weeks.

For the first two cycles of CPT-11 patients should remain in the treatment area
for a minimum of one hour following completion of the CPT-11 infusion in case
acute abdominal cramping develops.

8.2.2 The dose of LV will remain fixed at 20 mg/m2, administered as an intravenous
bolus injection immediately following each CPT-11 dose.

8.2.3 The starting dose of 5-FU will be 500 mg/m2, given as an intravenous bolus
injection immediately following each LV dose.

8.3 Concurrent Medications

8.3.1 Loperamide (Imodium®): Patients will be instructed to begin taking loperamide at
the earliest signs of a poorly formed or loose stool. Loperamide should be taken
in the following manner: 4 mg at the first onset of diarrhea, then 2 mg every two
hours around the clock until the patient is diarrhea-free for at least 12 hours.
Patients may take loperamide every four hours during the night (see Sec. 9.6)

8.3.2 Atropine: Diarrhea or abdominal cramping that occurs during or within one hour
after receiving CPT-11 can be treated with atropine (0.25 to 1 mg I.V. as indicated).
Patients having recurrent problems with cholinergic symptoms may receive
atropine prophylactically (sc or I.V.). Additional antidiarrheal measures may be
used at the discretion of the treating physician (see Sec. 9.6)

8.3.3 Antiemetics: Patients may receive dexamethasone 10 mg I.V. as a pretreatment
antiemetic before irinotecan doses, unless there is a relative or absolute
contraindication to corticosteroids (i.e., diabetes, known sensitivity to
corticosteroids, severe muscle weakness or myalgias, etc.).  Drugs such as Ativan®,
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Zofran®, or Kytril® may also be used if clinically indicated.  As the majority of
patients on previous trials have not experienced significant nausea, antiemetics
other than decadron are recommended only for those patients who demonstrate
nausea and/or vomiting despite treatment with decadron.

Routine use of antiemetics prior to treatment with standard dose 5-FU and
leucovorin is rarely indicated.  It is recommended that patients not be given
routine antiemetics for the standard arm of the study, and that antiemetics be
prescribed by the treating physician as clinically indicated if a patient develops
nausea and/or vomiting.

8.3.4 Anticoagulants Patients who are taking Coumadin may participate in this study;
however, it is recommended the prothrombin time be monitored carefully (at least
weekly). Subcutaneous heparin is permitted.

Patients should be carefully monitored for evidence of thrombo-embolic disease
during adjuvant treatment. Prophylactic therapy for venous thrombo-embolic
disease such as mini-dose heparin or low molecular weight heparin is encouraged
for patients during periods of risk for thrombotic events (such as patients with
limited activity due to hospitalization). Patients with a history of coronary artery
disease should be maintained on low-dose Aspirin prophylaxis if medically
indicated.
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9.0 DOSE MODIFICATIONS AND MANAGEMENT OF TOXICITY

9.1 Dose Modifications During a Cycle of Therapy The following tables are to be used for
dose adjustments in patients experiencing the following toxicities     during        a       cycle        of
therapy     in either arm of the study. For subsequent cycles of therapy, see instructions
in Section 9.2. All dose modifications should be based on the worst preceding toxicity.
The        dose       levels        are        detail      ed       in        Section        9.5    .

9.1.1 Neutropenia and Other Hematologic Toxicities

Table 1

Toxicity Dose Modifications

Grade ANC Platelets During a Cycle of Therapy†

2 1000 to 1499/µl or 50,000-74,999/µl â 1 dose level*

3 500 to 999/µl or 10,000-49,999/µl Hold dose, then â 1 dose level
when resolved to ≤ grade 1**

4 < 500/µl or < 10,000/µl Hold dose, then â 2 dose levels
when resolved to ≤ grade 1

† For subsequent cycles of therapy, see instructions in Section 9.2.

* For patients enrolled on Arm B, irinotecan/LV/5FU should be held If
grade        2     neutropenia occurs on a planned treatment day. Proceed with
treatment on the following week with a one dose level reduction if
toxicity has resolved. (note: previous schedule called for the one dose level
reduction     without    the  hold in treatment).

** If grade 3 or greater neutropenia occurs after receiving the FIRST DOSE
of treatment for patients enrolled on Arm B, hold irinotecan/LV/5FU
until toxicity is fully resolved, then proceed with a            two         dose        level
reduction    . (note: previous schedule called for a one dose level reduction
of gr 3 toxicity in this setting)

**Attention**

New dose modifications have been added for grade 2 and 3 neutropenia and
diarrhea for patients enrolled on Arm B of this study. Please read the following

sections carefully as the instructions for treatment have changed.
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9.1.2 Diarrhea

Please Note: Patients must be without a diarrheal movement (over pretreatment
baseline), for at least 24 hours before the next treatment is given.  If diarrhea
occurs within 24 hours of planned irinotecan/LV/5FU administration, then
treatment is to be held that week.

Table 2

Toxicity Dose Modifications

Grade Stools per Day over Pretreatment Baseline During a Cycle of Therapy†

2 Increase of 4-6 stools/day, or nocturnal
stools

â 1 dose level*

3 Increase of ≥7 stools/day or incontinence;
or need for parenteral support

Hold dose, then â 1 dose level
when resolved to ≤ grade 1**

4 Physiologic consequences requiring
intensive care; or hemodynamic collapse

Hold dose, then â 2 dose levels
when resolved to ≤ grade 1

† For subsequent cycles of therapy, see instructions in Section 9.2.

* For patients enrolled on Arm B, irinotecan/LV/5FU should be held If
grade        2     diarrhea occurs on a planned treatment day. Proceed with
treatment on the following week with a one dose level reduction if
toxicity has resolved. (note: previous schedule called for the one dose level
reduction     without    the  hold in treatment).

** If grade 3 or greater diarrhea occurs after receiving only the FIRST DOSE
of treatment, hold irinotecan/LV/5FU until toxicity is fully resolved,
then proceed with a          two        dose       level       reduction    . (note: previous schedule
called for a one dose level reduction of gr 3 toxicity in this setting)

9.1.3 Other Non-Hematologic Toxicities*

Table 3

Toxicity Dose Modifications

Grade During a Cycle of Therapy†

2 â 1 dose level

3 Hold dose, then â 1 dose level when resolved to ≤ grade 1

4 Hold dose, then â 2 dose levels when resolved to ≤ grade 1

* For mucositis/stomatitis decrease only 5-FU, not CPT-11. Do not decrease
doses for alopecia.

† For subsequent cycles of therapy, see instructions in Section 9.2.
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9.1.4 Arm A (5-FU/LV) only:

• Omission of Week 2 Through Week 5 Dose:

If a patient requires omission of a week 2 through week 5 dose due to toxicity,
the patient should then receive a one-week, rather than a two-week, break
after the completion of six doses in an eight-week treatment course, provided
that all treatment-related toxicities have resolved after the one-week recovery
period. The intention is to maintain greater dose intensity over the treatment
period if possible.

If all treatment-related toxicities have not resolved (to ≤ grade 1) by the end
of the one-week recovery period, then therapy should be resumed after a two-
week recovery period (provided that all treatment-related toxicities have
resolved at that time).

• Omission of Week 6 Dose:

Some patients will develop toxicity and require omission of the week 6 dose.
In these patients, the investigator should start the next course two weeks after
the last delivered dose of therapy, thus shortening the course length to seven
weeks (five weeks of treatment, two weeks of rest), provided that all treatment-
related toxicities have resolved (to ≤ grade 1) at that time. However, all dose
modification conditions still apply. If four or more treatment cycles are
shortened from six to five weeks in this manner, then one additional
treatment cycle should be added to the treatment plan.

If all treatment-related toxicities have not resolved by two weeks after the last
delivered dose of therapy, then the next course of therapy should start three
weeks after the last delivered dose of therapy (course length = 8 weeks: five
weeks of treatment, three weeks of rest), provided that all treatment-related
toxicities have resolved at that time. Patients who have not recovered by week
8 (3 weeks after the last delivered dose of therapy) will require dose reduction
as outlined in Section 9.3.

• If treatment is delayed for > 3 weeks over planned treatment breaks, call the
study chair.

9.1.5 Arm B (CPT-11/5-FU/LV) only:

• Omission of Week 2 or Week 3 Dose:

If a patient requires omission of the week 2 or week 3 dose due to toxicity, the
patient should then receive a one-week, rather than a two-week, break after
the completion of four doses in a six-week treatment course (i.e., treat-omit-
treat-treat-treat-rest or treat-treat-omit-treat-treat-rest), provided that all
treatment-related toxicities have resolved after the one-week recovery period.
The intention is to maintain greater dose intensity over the treatment period
if possible.

If all treatment-related toxicities have not resolved (to ≤ grade 1) by the end
of the one-week recovery period, then therapy should be resumed after a two-
week recovery period (provided that all treatment-related toxicities have
resolved at that time).

• Omission of Week 4 Dose:

Some patients will develop toxicity and require omission of the week 4 dose.
In these patients, the investigator should start the next course two weeks after
the last delivered dose of therapy, thus shortening the course length to five
weeks (three weeks of treatment, two weeks of rest) provided that all
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treatment-related toxicities have resolved (to ≤ grade 1) at that time. However,
all dose modification conditions still apply. If four or more treatment cycles
are shortened from six to five weeks in this manner, then one additional
treatment cycle should be added to the treatment plan.

If all treatment-related toxicities have not resolved by two weeks after the last
delivered dose of therapy, then the next course of therapy should start three
weeks after the last delivered dose of therapy (course length = 6 weeks: three
weeks’ treatment, three weeks’ rest), provided that all treatment-related
toxicities have resolved at that time. Patients who have not recovered by week
6 (3 weeks after the last delivered dose of therapy) will require dose reduction
as outlined in Section 9.3.

• If treatment is delayed for > 3 weeks over planned treatment breaks, call the
study chair.

9.2 Dose Modifications for Subsequent Cycles of Therapy If a patient experiences grade
3/4 toxicity requiring a dose reduction, then the weekly chemotherapy dose will
remain decreased in subsequent treatment cycles. Dose adjustments for grade 2
toxicity may be continued in the next cycle at the discretion of the treating physician.

If a mid-cycle dose reduction is made for grade 2 toxicity, and on the following week
the toxicity remains stable at grade 2, then no additional dose reduction is required.

9.3 A new cycle of treatment may begin when the granulocyte count is ≥1500/µl and the
platelet count is ≥ 75,000/µl and treatment-related diarrhea or stomatitis is ≤grade
1. Additional dose reductions are not required if all toxicities resolve after one week’s
delay in treatment (after the end of the previous cycle). A delay greater than one week
will require a dose reduction. If treatment was held for more than one additional
week (after the end of the previous cycle), then reduce the chemotherapy dose by 1
dose level. If treatment was held for more than two additional weeks, then reduce the
chemotherapy dose by 2 dose levels and call the study chair.

9.4 Dose Reduction Levels for LV: The dose of LV will not be adjusted due to toxicity. (For
patients in Arm A, it should remain at 500 mg/m2 for all cycles; for patients in Arm
B, it should remain at 20 mg/m2 for all cycles.) LV will be given immediately prior to
each 5-FU dose.

9.5 Dose Reduction Levels:

9.5.1 Arm A (5-FU/LV) criteria for dose adjustments: The starting dose of 5-FU is 500
mg/m2, and the dose of LV is 500 mg/m2. Subsequent doses of 5-FU can be
adjusted depending upon individual patient tolerance of treatment (see Table 4).
Patients should be carefully monitored for toxicity.

Dose reduction steps for 5-FU are shown in the following table.

Table 4

Dose Reduction Steps for 5-FU - Arm A*

Starting Dose Dose Level
- 1

Dose Level
- 2

Dose Level
- 3**

5-FU 500 mg/m2 400 mg/m2 320 mg/m2 260 mg/m2

* LV dose remains fixed at 500 mg/m2 (not adjusted).
** Further dose levels (-4, -5, etc.) will be 20% dose reductions from the

previous level. Notify the study chair if dose reduction reaches – 4.
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9.5.2 ARM B (CPT-11/5-FU/LV) criteria for dose adjustments: The starting dose of CPT-
11 is 125 mg/m2, the starting dose of 5-FU is 500 mg/m2, and the dose of LV is
20 mg/m2. Subsequent doses can be adjusted depending upon individual patient
tolerance of treatment (see Table 5). Patients should be carefully monitored for
toxicity.

Dose reduction steps for CPT-11/5-FU are shown in the following table.

Table 5

Dose Reduction Steps for 5-FU/CPT-11 - Arm B*†

Starting Dose Dose Level
- 1

Dose Level
- 2

Dose Level
- 3**

CPT-11 125 mg/m2 100 mg/m2 75 mg/m2 50 mg/m2

5-FU 500 mg/m2 400 mg/m2 320 mg/m2 260 mg/m2

* LV dose remains fixed at 20 mg/m2 (not adjusted).
** Further dose levels (-4, -5, etc.) will be 20% dose reductions from the

previous level. Notify the study chair if dose reduction reaches – 4.
† For mucositis reduce 5-FU only, do not reduce CPT-11.

9.6 Management of Gastrointestinal Toxicity

9.6.1 Patients will be instructed to begin taking loperamide at the earliest signs of a
poorly formed or loose stool. Loperamide should be taken in the following
manner: 4 mg at the first onset of diarrhea, then 2 mg every two hours around the
clock until the patient is diarrhea-free for at least 12 hours. Patients may take
loperamide every four hours during the night. If there is no relief within 24-36
hours, add deodorized Tincture of Opium 4 drops in 1/4 to 1/2 cup of bland liquid
or juice every 4 hours around the clock.

9.6.2 Atropine Diarrhea or abdominal cramping that occurs during or within one hour
after receiving CPT-11 can be treated with atropine (0.25 to 1 mg I.V. as indicated).
Patients having recurrent problems with cholinergic symptoms may receive
atropine prophylactically (sc or I.V.). Additional antidiarrheal measures may be
used at the discretion of the treating physician.

9.7 Dose Modification for Obese Patients

There is no clearly documented adverse impact of treatment of obese patients when
dosing is performed according to actual body weight. Therefore, all dosing is to be
determined solely by (1) the patient’s BSA as calculated from actual weight or (2)
actual weight without any modification unless explicitly described in the protocol.
This will eliminate the risk of calculation error and the possible introduction of
variability in dose administration. Failure to use actual body weight in the
calculation of drug dosages will be considered a major protocol deviation. Physicians
who are uncomfortable with administering chemotherapy dose based on actual body
weight should not enroll obese patients on CALGB protocols.
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10.0 DRUG FORMULATION, AVAILABILITY, AND PREPARATION

10.1 Qualified personnel who are familiar with procedures that minimize undue exposure
to themselves and to the environment should undertake the preparation, handling,
and safe disposal of chemotherapeutic agents in a self-contained, protective
environment.

10.2 Discard unused portions of injectable chemotherapeutic agents that do not contain
a bacteriostatic agent or are prepared with unpreserved diluents (i.e., Sterile Water for
Injection USP or 0.9% Sodium Chloride for Injection USP) within eight hours of vial
entry to minimize the risk of bacterial contamination.

10.3 The total administered dose of chemotherapy may be rounded up or down within a
range of 5% of the actual calculated dose.

10.4 5-Fluorouracil (5–FU; fluorouracil; Efudex®; Adrucil®)

Availability

5-FU is commercially available as an antimetabolite that interferes with RNA and
DNA synthesis. Fluorouracil Injection (Roche Laboratories): 50 mg/ml, 10ml vials;
clear, yellow, aqueous solution; Fluorouracil (Cetus, Lyphomed, Americal): 50 mg/ml;
10 ml, 20 ml, 100 ml vials, 10 ml ampules; Fluorouracil (Solopak): 50 mg/ml; 10 ml,
50 ml, 100 ml vials; 10 ml ampules; Adrucil® (Adria Laboratories): 50 mg/ml, 10 ml
ampules.

Preparation

Inspect for precipitate; if found, agitate or gently heat in water bath. Filter ampules
with aspiration needle (5 µm). Compatible with D5W, 0.9% NaCl, D5LR.

Additive Incompatibility: carboplatin, cisplatin, cytarabine, diazepam, doxorubicin,
droperidol, and epirubicin.

Y–Site Incompatibility: Filgrastim, Ondansetron, Vinorelbine, and Dexamethasone.

Storage and Stability

Store at room temperature and protect from light. Dark yellow color indicates
decomposition. Stable in polypropylene syringes. Stable in PVC reservoirs for
infusion pump for 12 days. May adsorb to glass surfaces. Stable in cellulose
nitrate/acetate ester or Teflon filters.

Administration

I.V. push, usually over 1–2 minutes: does not require further dilution,.

Ensure vein patency before administration.

Toxicity

Nausea, vomiting (mild); Ileus; stomatitis: 5–8 days after treatment initiation; gastric
ulceration; myelosuppression: leukopenia, granulocytopenia (9–14 days);
thrombocytopenia (7–14 days); Alopecia; loss of nails; hyperpigmentation;
photosensitivity; Maculopapular rash; palmar–plantar erythrodysethesias: (42–82%
receiving continuous infusion); CNS effects: disorientation, confusion (rare);
Cardiotoxicity: MI, angina; asymptomatic S–T changes 68%; also rare ocular effects.
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Drug Interactions

Allopurinol: possible decreased effect of 5-FU.

LV enhances the cytotoxicity of 5-FU by forming a more stable tertiary complex with
thymidylate synthetase.

10.5 Leucovorin Calcium (Folinic Acid) Leucovorin Calcium (calcium folinate; citrovorum
factor; N 5–formyltetrahydrofolate; 5–formyl–FH4; folinic acid; folinic acid–SF;

(6RS)–folinic acid; Wellcovorin®).

Availability

Leucovorin calcium is commercially available, and is a stable reduced formyl
derivative and the active form of folic acid. The following products are available:

Immunex (formally available from Lederle): 50 mg vial, 100 mg vial, 350 mg vial.

Burroughs-Wellcome (Wellcovorin®): 100 mg vial.

Chiron Therapeutics: 50 mg vial, and 100 mg vial.

Preparation

LV may be reconstituted with Bacteriostatic Water for Injection (BWI). Reconstitute 50
mg with 5 ml BWI, 100 mg vial with 10 ml BWI. Both of these will yield a solution of
10 mg/ml. Reconstitute 350 mg vial with 17 ml BWI to yield a solution of 20 mg/ml.
Use bacteriostatic water only with doses <10 mg/m2.

Storage and Stability

Unreconstituted vials are stored at room temperature and protected from light. The
reconstituted 10 mg/ml or 20 mg/ml solution is stable for at least 7 days at room
temperature.

Administration

Leucovorin will be administered intravenously, either by push (Arm B) or continuous
infusion (Arm A).

Toxicity

The only adverse reaction for LV is rare reports of allergic reactions to parenteral
injections of leucovorin. However, this is extremely uncommon.

10.6 Irinotecan (NSC #616348, IND # 42459): Irinotecan hydrochloride trihydrate [CPT-11,
(4S)-4,11-diethyl-4-hydroxy-9-[(4-piperidinopiperidino)carbonyloxy]-lH-
pyroano[3',4':6,7]indolzino[1,2-b]quino line-3,14(4H,12H)dione hydrochloride
trihydrate] is a topoisomerase I inhibitor.

The agent (hereinafter referred to as "Agent"), Irinotecan (CPT-11), used in this
protocol was provided to the NCI under a Clinical Trials Agreement (CTA) or a
Cooperative Research and Development Agreement (CRADA) between Pharmacia &
Upjohn Company (hereinafter referred to as "Collaborator") and the NCI Division of
Cancer Treatment and Diagnosis. Therefore,  the  provisions in the "Intellectual
Property Option to Collaborator" terms of award modifications (see
http://ctep.info.nih.gov/InfoBioTech/TERMS%20OF%20AWARD%20ADDITIONS.htm),  applies
to the use of the Agent in this study. 

1. Agent may not be used for any purpose outside the scope of this protocol, nor can
Agent be transferred or licensed to any party not participating in the clinical
study. Neither the institution nor the investigator shall charge any third party
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payer or patient enrolled in the study for the Agent, nor shall the institution or
investigator include the cost of such drug in any cost report to third party payers.
Collaborator data for Agent are confidential and proprietary to Collaborator and
shall be maintained as such by the investigators.

2. Collaborator Confidential Information includes any scientific, technical, trade
or business information provided, directly or indirectly, by Collaborator which
is treated by Collaborator as confidential or proprietary, which is labeled or
identified as "Confidential." Confidential Information is to be used solely for the
purpose of conducting the research described in the protocol. Information shall
be considered Confidential Information if reduced to written summary and
marked as such within thirty (30) days of disclosure.

3. TERMS OF AWARD ADDITIONS / Intellectual Property Option to Collaborator.
For further information on this subject, please see
http://ctep.info.nih.gov/InfoBioTech/TERMS%20OF%20AWARD%20ADDITIONS
.htm

4. The results of Cancer and Leukemia Group B (CALGB) studies are published by the
CALGB or its investigators in accordance with the "Guidelines for CALGB
Publications" contained in the CALGB Policies and Procedures.

Availability

CPT-11 is manufactured by Pharmacia-Upjohn and distributed by the Division of
Cancer Treatment and Diagnosis. CPT-11 for injection is supplied in 5 ml vials
containing 100 mg of drug and 2 ml vials containing 40 mg of drug. The drug is
supplied in brown vials and appears as a pale-yellow-to-yellow crystalline powder
and pale yellow transparent solution when reconstituted.

Drug Ordering and Accountability

Irinotecan, NSC #616348, may be requested by the Principal Investigator (or their
authorized designees) at each participating institution. Pharmaceutical Management
Branch (PMB) policy requires that drug be shipped directly to the institution where
the patient is to be treated. PMB does not permit the transfer of agents between
institutions (unless prior approval from PMB is obtained). Completed Clinical Drug
Requests (NIH-986) should be submitted to the PMB by fax (301) 480-4612 or mailed
to the Pharmaceutical Management Branch, CTEP, DCTDC, NCI, 9000 Rockville Pike,
EPN, Rm. 707, Bethesda, MD 20892.

Drug Inventory Records: The Investigator, or a responsible party designated by the
investigator, must maintain a careful record of the inventory and disposition of all
drugs received from DCTDC, using the NCI Drug Accountability Record Form. (See the
NCI Investigators Handbook for procedures for Drug Accountability and Storage.)

Preparation

CPT-11 will be mixed in 500 cc of 5% Dextrose in Water, USP. Nothing else should be
added to the bag. Due to possible microbial contamination during dilution, it is
recommended that the reconstituted solution be used within 24 hours of
reconstitution when refrigerated or within 6 hours if kept at room temperature.

Storage and Stability

Irinotecan vials must be stored in a cool, dry place, protected from light in a locked
cabinet accessible only to authorized individuals. It is stable for at least three years
at room temperature. Irinotecan is stable for 24 hours in glass bottles or plastic bags
after reconstitution with D5W.
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Administration

Irinotecan will be infused over 90 minutes intravenously (weekly x 4 postoperative
schedule). For the first two cycles of CPT-11 patients should remain in the treatment
area for a minimum of one hour following completion of the CPT-11 infusion in case
acute abdominal cramping develops. If abdominal cramping develops, administer
atropine (see Sec. 8.3.2).

Toxicity

Virtually all phase I and II studies of CPT-11 have reported neutropenia and/or late
diarrhea (diarrhea occurring more than 8 hours after CPT-11 administration) as the
dose-limiting toxicities (depending on the schedule). Other commonly observed
adverse events include nausea and vomiting, anorexia, abdominal cramping,
alopecia, asthenia, lymphocytopenia, and anemia. Dehydration has occurred as a
result of diarrhea, particularly when associated with severe vomiting. Patients may
have an acute syndrome of lacrimation, diaphoresis, abdominal cramping, and early
diarrhea (during or shortly after CPT-11 administration); this syndrome is thought
to be cholinergically mediated. Sporadic cases of pulmonary toxicity, manifested as
shortness of breath, nonproductive cough, and transient infiltrates on chest x-ray
have been reported. Infrequent occurrences of mucositis or colitis (sometimes with
gastrointestinal bleeding) have been observed. Occasionally, abnormalities of serum
creatinine, hepatic enzymes, or thrombocytopenia have been observed. CPT-11 may
cause local irritation at infusion sites. Extravasation necrosis of the skin has not
been reported in U.S. studies.

Drug Interactions

Patients who are taking Coumadin (warfarin) may participate in this study; however,
it is recommended the prothrombin time be monitored carefully (at least weekly).
Subcutaneous heparin is permitted.

Valproic acid is known to inhibit the glucoronidation and may potentially enhance
the toxicity of CPT-11. High-dose intravenous cyclosporine should not be
administered concurrently with CPT-11.

11.0 ANCILLARY THERAPY

11.1 Patients should receive full supportive care, including transfusions of blood and blood
products, erythropoietin, antibiotics, antiemetics, etc., when appropriate.

11.2 Treatment with hormones or other chemotherapeutic agents may not be administered
except for steroids given for adrenal failure; hormones administered for non-disease-
related conditions (e.g., insulin for diabetes); and intermittent use of dexamethasone
as an antiemetic.
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11.3 CALGB Policy Concerning the Use of Growth Factors

11.3.1 Erythropoietin (EPO)

Use of erythropoietin (EPO) in this protocol is permitted at the discretion of the
treating physician.

11.3.2 Filgrastim (G-CSF) and sargramostim (GM-CSF)

Filgrastim (G-CSF) and sargramostim (GM-CSF) treatment for patients on this
protocol is discouraged.

Filgrastim and sargramostim may not be used:

a. to avoid dose reductions or delays as specified in the protocol,

b. prophylactically because of concern about myelosuppression from a prior
cycle of chemotherapy.

For the treatment of febrile neutropenia the use of CSFs should not be routinely
instituted as an adjunct to appropriate antibiotic therapy. However, the use of
CSFs may be indicated in patients who have prognostic factors that are
predictive of clinical deterioration such as pneumonia, hypotension, multi-organ
dysfunction (sepsis syndrome) or fungal infection, as per the ASCO guidelines.
Investigators should therefore use their own discretion in using the CSFs in this
setting.

If filgrastim or sargramostim are used, they must be obtained from commercial
sources.

12.0 REMOVAL OF PATIENTS FROM PROTOCOL THERAPY

12.1 Duration of Treatment: The scheduled duration of treatment for patients in Arm A
is 32 weeks; for patients on Arm B the duration of treatment is scheduled to be 30
weeks (see Section 8.0)

12.1.1 Disease Relapse: Therapy will be discontinued if there is documentation of tumor
recurrence. First recurrence should be confirmed by biopsy when possible.
Elevation in CEA alone will not be considered evidence of tumor recurrence, but
should prompt appropriate investigations to rule out recurrence.

12.1.2 Extraordinary Medical Circumstances: If, at any time the constraints of this
protocol are detrimental to the patient's health and/or the patient no longer
wishes to continue protocol therapy, protocol therapy shall be discontinued. In
this event:

• Notify the Study Chair.

• Document the reason(s) for discontinuation of therapy on forms.

• Follow the patient for recurrence and survival for seven years after the end of
treatment.
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13.0 STATISTICAL CONSIDERATIONS

13.1 Sample Size and Power Estimates

Sample size and power estimates are based on overall survival (OS). OS will be
measured from the beginning of treatment until death from any cause. A total of 1260
patients will be accrued to this trial. With 1260 Stage III patients there is 82% power
to detect an improvement in median survival from 8.0 years with 5-FU/LV alone to
10.5 years with 5-FU/LV plus irinotecan, a hazard ratio of 1.3. (An improvement in
median survival from 8.0 years with 5-FU/LV alone to 11.0 years with 5-FU/LV plus
irinotecan, hazard ratio 1.38, can be detected with 90% power.) These estimates were
obtained based on a one-sided logrank test at significance level 0.05, exponential
survival, a 2.8 year accrual period, and 3 years of follow-up. Accrual is expected to be
37.5 patients per month (450 patients per year). Analysis of overall survival will be
according to intent-to-treat. Disease-free survival and safety data will be analyzed
among patients who actually received treatment according to the treatment received.

13.2 Interim Monitoring

In accordance with CALGB Policies and Procedures, this study will be monitored
throughout the accrual and follow-up periods by the CALGB Data and Safety
Monitoring Board (DSMB). In addition, accrual, feasibility, and overall toxicity will
be monitored by the study and committee chairs.

Formal analyses of the primary efficacy endpoint, overall survival (OS), and
secondary endpoint, disease-free survival (DFS), will be conducted after 15% of the
expected number of deaths (53/256) are observed.  From that time, interim analyses
will be performed approximately every six months to coincide with DSMB reviews

Upper and lower boundaries will be monitored. Simulations by Freidlin, et.al., show
that for the logrank test the loss of power or increase in Type I error associated with
frequent looks at the data are acceptably small. [37] A maximum of eight interim
analyses is anticipated with two of these occurring before accrual is ended.

Upper Boundaries: The Lan and DeMets analog of the O’Brien-Fleming group
sequential boundary will be used to calculate boundary significance levels at each of
the interim analyses to maintain the overall 5% significance level of the test. Actual
p-values less than 0.005 at the time of analysis will be truncated at 0.005. This
truncation should only trivially affect the power of the trial with appropriate interim
boundaries less extreme than some commonly used procedures (37). Simulations will
be used to estimate the actual significance level at the time of the final analysis for
a maximum of eight interim looks.  We expect this estimated significance level to be
approximately 0.04. A total of 356 deaths are expected at the time of final analysis.

Lower Boundaries: At each interim analysis the one-sided upper 99% confidence limit
will be constructed for the observed hazard ratio. If the targeted hazard ratio of 1.5
is greater than this limit consideration will be given to stopping the trial and
accepting the hypothesis of no difference in median survival.

Unless one of the boundaries is reached at an interim analysis, it is anticipated that
the results will continue to be monitored by the DSMB with release of the data to the
Study Committee two years after accrual is closed. This is the planned time of final
analysis.

The CALGB Statistical and Data Management Center will submit quarterly reports
to CTEP by electronic means using the Clinical Data Update System (CDUS).

13.3 Patient follow-up and publication of results: Each patient will be followed for
recurrence and survival for 7 years after the end of treatment. It is expected that a
manuscript will be submitted for publication within 4 years of protocol closure. The
trial will close to accrual within four weeks of reaching the targeted accrual of 1260
patients.
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14.0 ADVERSE EVENT (AER) REPORTING

Investigators are required by Federal Regulation to report possible adverse drug reactions.
CALGB investigators are required to notify the IDB, the CALGB Central Office, the Study
Chair, and their Institutional Review Board. As a tracking mechanism, CALGB requires
investigators to route toxicity reports through the Central Office (see below). Al l
investigators are required to report secondary malignancies occurring on or following
treatment on NCI-sponsored protocols using commercial drugs. Reporting of cases of
secondary AML/MDS is to be performed using the NCI/CTEP Secondary AML/MDS Report
Form. This form should be used in place of the form FDA #3500 (Medwatch) or the DCT
Adverse Event Form for reporting this type of second malignancy. All other secondary
malignancies should be reported using the form FDA #3500 (Medwatch). CALGB Form C-
215, CALGB Notice of Second Malignancy, must also be completed for all cases of
secondary malignancy.

14.1 Direct questions regarding drug therapy to the Study Chair.

14.2 CALGB Investigators:

Reporting requirements and procedures depend upon: (1) whether investigational
agents are suspected of causing toxicity, (2) whether the possibility of such a toxicity
was reported in the protocol, consent form, or manufacturer's literature (expected
toxicity), (3) the severity or grade of the toxicity, and (4) the phase of the study. All
reactions in a "reportable" category must be reported unless it is documented on
follow-up forms that the treatment is definitely not responsible for the toxicity.

Adverse Event Reporting Table

Phase III Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Investigational•
Expected Form C-528 Form C-528 Form C-528 Written*++ Phone/Written#

Unexpected Form C-528 Written Phone/Written# Phone/Written++ Phone/Written+

Commercial••
Expected Form C-528 Form C-528 Form C-528 Written* Ref. to Study

Unexpected Form C-528 Form C-528 Form C-528 Phone/Written# Phone/Written#

• The DCT Adverse Reaction Form for Investigational Drugs is used for reporting Phase I, II, and III
studies using investigational agents. “Investigational” includes all investigational agents as well as
commercially available drugs supplied by NCI under IND held by NCI.

•• The FDA form 3500 is used for reporting commercial drug toxicities.
+ Phone the Study Chair, the Central Office (773-702-9860) and NCI (301-230-2330) within 24 hours.

Complete the DCT Adverse Reaction Form for Investigational Drugs and submit to the CALGB Central
Office within 5 working days, either by mail or by fax (312-345-0117). In addition, toxicity must be
reported in the patient’s chart.

++ Do not write or call until bilirubin > 6 X normal.
* Grade 4 hematosuppression does not have to be reported for agents known and expected to cause

hematosuppression at the dose used.
# Phone information ONLY to the Study Chair and to the CALGB Central Office within 24 hours. The

notification of the Study Chair and to the Central Office will allow suspension/modification of the
study, if the toxicity is greater than anticipated before a large number of patients are put at risk.
Complete the appropriate adverse drug reaction form and submit to the CALGB Central Office within
5 working days, either by mail or by fax (312-345-0117). In addition, toxicity must be reported on
the flow sheets and in the patient’s chart (unless flow sheets are part of the patient’s record).

The reporting of adverse reactions described in the table in the table above is in addition to and
does not supplant the reporting of toxicities as part of the report of the results of the clinical
trial, e.g., study summary forms, cooperative group data reporting or Clinical Trials Monitoring
Service case report forms. All adverse reactions should also be reported to your local
Institutional Review Board.

All deaths during treatment or within 30 days following completion of active protocol therapy
must be reported within 5 working days.



CALGB 89803

11/15/0438

14.3 NCCTG Investigators:

Treatment that contains     both     investigational and commercial agents should be
reported according to the investigational guidelines.  However, if the reaction is
clearly a known reaction of the commercially available agent involved, it should be
reported according to the commercial agent guidelines.

ADR reporting is based on the NCI Common Toxicity Criteria.  Adverse reactions
requiring submission of a DCT ADR form to NCCTG Operations Office must also be
reported to the local IRB.

Unknown1 Known2 Secondary
Grade
2-3

Grade
4-5

Grade
4-5

AML/MDS3

Call IDB  within 24 hours4 X
Call NCCTG 5within 24 hours X
DCT ADR Form to NCCTG within
5 working days6

X X X

AML/MDS Report Form to
NCCTG within 15 working days6

X

1. Reactions     definitely        not    treatment-related should not be reported.  However, a
report should be submitted if there is a reasonable suspicion of drug effect.

2. Grade 4 myelosuppression need not be reported.  In leukemia patients, aplasia
resulting in death (grade 5) must be reported.

3. Reporting for this toxicity required during or after treatment.
4. Contact Investigational Drug Branch (IDB) 301-230-2330 (available 24

hours/day).
5. If after hours, notify NCCTG the next working day.
6. Fax or mail: NCCTG Operations Office

200 First Street SW
Rochester, MN 55905
Fax:  507/284-1902

The NCCTG Operations Office will immediately forward a copy of the ADR form to the
CALGB and to the IDB.

14.4 NCIC CTG Investigators

NCIC CTG investigators are to report all adverse events as listed in Section 14.2. In
addition, any adverse events (i.e., toxicities) considered    serious        and        unexpected        and
related       to        protocol       treatment    (see definitions below) must be reported to NCIC CTG
who will in turn report these events to the Therapeutic Products Programme of Health
Canada,

"Serious" adverse events include any untoward medical occurrence that at any dose:

• results in death
• is life threatening
• requires hospitalization or prolongation of existing hospitalization
• results in persistent or significant disability/incapacity, or
• is a congenital anomaly/birth defect
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"Unexpected" toxicities include those which are not consistent in terms of nature or
severity with the protocol agent information contained in the investigator brochure
or product monograph.

"Related" toxicities include any toxicities possibly, probably or definitely related to
protocol treatment.

Medical and scientific judgement should be exercised in deciding whether expedited
reporting is appropriate in other situations, such as important medical events that
may not be immediately life-threatening or result in death or hospitalization, but
may jeopardize the patient or may require intervention to prevent one of the other
outcomes listed in the definition above. These should also usually be considered
serious.

Adverse events must be reported on the NCIC CTG Serious Adverse Event Form and
reported by telephone (613-533-6430) and/or fax (613-533-2941) within 24 hours of
the event. Reporting of cases of secondary AML/MDS is to be performed using the
NCI/CTEP Secondary AML/MDS Report Form* as well as the NCIC CTG Serious
Adverse Event Form.
* This form should be used in place of the form FDA #3500 (Medwatch) or the DCT Adverse

Event Form for reporting this type of second malignancy. All other secondary
malignancies should be reported using the form FDA #3500 (Medwatch).

Adverse events will be forwarded to the CALGB Operations Office, the Investigational
Drug Branch (IDB) and/or the Therapeutic Products Programme of Health Canada by
NCIC CTG as required.

14.5 Adverse Event Reporting for ECOG Investigators

This study will utilize the CTC version 2.0 for toxicity and adverse event reporting.
A copy of the CTC version 2.0 should be available at your institution. It can also be
downloaded form the CTEP home page. All appropriate treatment areas must be
reported to ECOG, the NCI and your local IRB in the manner described below:

Arm: A

Commercial Agents: Leucovorin and 5-FU

Grade 4/5 unexpected1 Death Due to Rx or within
30 days of Rx2

ECOG ADR Form to NCI
within 10 days

X X

ECOG ADR Form to ECOG
Coordinating Office
within 10 days

X X

Notify local IRB within 10
days

X X

1 Any unexpected toxicity not reported in the litterature or the package insert must be
reported.

2 Any death from any cause while a patient is receiving treatment on this protocol or up to
30 days after the last dose of protocol treatment, or any death which occurs more than 30
days after protocol treatment has ended but which is felt to be treatment related, must be
reported.

ECOG suggests ADRs be reported on the Adverse Reaction Form (ADR) for
Investigational Drugs (#391RF). The form must be signed by the treating investigator.
However, the MedWatch (FDA Form #3500) is also acceptable for reporting ADRs on
the commercial arm.
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The following adverse reactions must be reported to ECOG, the NCI and your local IRB
in the manner described below. Toxicities occurring  on this arm should be
considered investigational.

Arm: B

Investigational Agents: Irinotecan

Commercial Agents: Leucovorin and 5-FU

Grade 2/3
unexpected1

Grade 4/5
unexpected1

Grade 4
expected2

Death Due to Rx
or within 30
days of Rx3

Call to NCI within 24
hours

X X

Call to ECOG within
24 hours

X X

ECOG ADR Form to
NCI within 10 days

X X X X

ECOG ADR Form to
ECOG Coordinating
Office within 10 days

X X X X

Notify local IRB
within 10 days

X X X X

1 Any unexpected toxicity not reported in the literature or the package insert must be
reported.

2 Any Grade 4 expected myleosuppression need not be reported but should be documented
on flow sheets.

3 Any death from any cause while a patient is receiving treatment on this protocol or up to
30 days after the last dose of protocol treatment, or any death which occurs more than 30
days after protocol treatment has ended but which is felt to be treatment related, must be
reported.

CALGB will notify Pharmacia and UpJohn of all reported ADRs

ECOG requires ADRs be reported on the Adverse Reaction Form (ADR) for
Investigational Drugs (#391RF). The form must be signed by the treating investigator.

The ECOG Coordinating Center will call CALGB to report telephone ADR calls. The
ADR form will be forwarded to CALGB by the ECOG Coordinating Center.
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Reporting        of        all        Second        Primary        Cancers

NCI/CTEP Secondary AML/MDS report
form1

AML/MDS X
1 To be completed within 30 days of diagnosis of AML/MDS that has occurred during or after

protocol treatment. A copy is to be sent to ECOG and to the NCI, accompanied by copies
of the pathology report (and, when available, a copy of the cytogenic report).

NCI Contact information ECOG Contact information
Tel: 301-230-2330 Tel: 617-632-3610
Fax: 301-230-0159 FAX: 617-632-6900

IDB ECOG  Coordinating Center
P.O. Box 30012 FSTRF
Bethesda, MD ATTN: IRB

20824 303 Boylston Street
Brookline, MA, 02445.

Non-Treatment        Related        Toxicities:

Toxicities which fall within the definitions listed above must be reported as an
ADR/second primary whether they are felt to be treatment related or not. Toxicities
unrelated to treatment that do not fall within the definitions above. must be clearly
documented on the CALGB 89803 Toxicity Form. This form will then be submitted to
the ECOG coordinating center (ATTN: Data) according to the Data Submission table
located in Section 6.5.
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14.6 SWOG Adverse Drug Reaction (ADR) Reporting Guidelines

14.6.1 Reporting for Investigational Drugs, SWOG Institutions:

WITHIN 24 HOURS OF THE ADVERSE EVENT CALL THE OPERATIONS OFFICE
AT 210-677-8808

Within 10 days, send to the operations office:

• A copy of the SWOG ADR Form(or the NCI/CTEP Secondary AML/MDS
Report Form for reporting cases of secondary AML or MDS).

• Copies of pre-study forms, and flow sheets from pre-study through the
event.

• IRB notification documentation.

• Other data as requested during telephonic report.

In addition, follow the guidelines below:

For grading reactions, use the NCI Common Toxicity Criteria version 2.0. Known
toxicities are listed in the Drug Information, Background or Informed Consent
Form of the protocol.

Unknown Event2,3 Known Event2,3

Grade 1 Not to be reported as an AE/ADR. 
These toxicities should be
documented on the toxicity form, C-
528

Grade 2 Written report to IDB
within 10 working days4.

Not to be reported as an AE/ADR. 
These toxicities should be
documented on the toxicity form, C-
528

Grade 3 Written report to IDB
within 10 working days4.

Not to be reported as an AE/ADR. 
These toxicities should be
documented on the toxicity form, C-
528

Grade 4 Report by phone to IDB
within 24 hours1.
Written report to follow
within 10 working days4.

Written report to IDB within 10
working days4

Grade 4 myelosuppression not to
be reported, but should be
submitted on the toxicity form, C-
528.

Grade 5 Report by phone to IDB
within 24 hours1.
Written report to follow
within 10 working days4.

Written report to IDB within 10
working days4

For patients with leukemia that
develop Grade 5 aplasia, a written
report is required within 10
working days.

1 IDB telephone number available 24 hours daily:  301-230-2330 (Recorder after hours).
2A report shall be submitted if there is only a reasonable suspicion of drug effect. Reactions
judged definitely not to be treatment related should not be reported, except that all deaths
while on treatment or within 30 days of treatment must be reported.  Any death more than
30 days after treatment which is felt to be treatment related must also be reported.

3Cases of secondary AML or MDS should be reported on the NCI/CTEP Secondary
AML/MDS Report Form in lieu of the AE/ADR Reporting Form. The Operations Office will
forward this form to the Statistical Center within one working day of receipt.

4The event should be documented on the SWOG AE/ADR form and sent to both the
Investigational Drug Branch of the NCI and SWOG at the following addresses:
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ATTN:  ADR Program Investigational Drug Branch

Southwest Oncology Group P.O. Box 30012

14980 Omicron Drive Bethesda, MD  20824-0012

San Antonio, TX  78245-3217

14.6.2 Reporting for Commercial Drugs, SWOG Institutions:

WITHIN 24 HOURS OF THE ADVERSE EVENT CALL THE OPERATIONS OFFICE
AT 210-677-8808.

Within 10 days, send to the operations office:

• A copy of the FDA Form 3500 (or the NCI/CTEP Secondary AML/MDS
Report Form for reporting cases of secondary AML or MDS).

• Copies of pre-study forms, and the toxicity form, C-528, from pre-study
through the event.

• IRB notification documentation.

• Other data as requested during telephonic report.

The following guidelines for reporting an AE/ADR apply to any research
protocol which uses commercial anticancer agents.  The following AE/ADR
experienced by patients accrued to these protocols and attributed to the
commercial agent(s) should be reported:

• Any AE/ADR which is    life       threatening       (Grade        4)    or    fatal       (Grade        5)    and
unknown    .1,2,3 Any occurrence of secondary AML or MDS must also be
reported4.

• Any increased incidence of a     known     AE/ADR reported in the protocol.

• Any AE/ADR which is    fatal       (Grade        5)   , even though     known    .3

1 For grading reactions, see NCI Common Toxicity Criteria version 2.X.
2 Known toxicities are listed in the Drug Information, Background or Informed

Consent Form of the protocol.
3 A report shall be submitted if there is only a reasonable suspicion of drug effect.

Reactions judged definitely not treatment related should not be reported, except
that all deaths while on treatment or within 30 days after treatment must be
reported. Any death more than 30 days after treatment which is felt to be treatment
related must also be reported.

4 Cases of secondary AML or MDS should be reported using the NCI/CTEP
Secondary AML/MDS Report Form in lieu of Form FDA-3500. The Operations
Office will forward this form to the Statistical Center within one working day of
receipt.
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The AE report, documented on Form FDA-3500 or NCI/CTEP Secondary
AML/MDS Report Form, should be mailed to the address below within 10
working days:

Investigational Drug Branch
P. O. Box 30012

Bethesda, MD  20824-0012

Send a copy of the Form FDA-3500 or NCI/CTEP Secondary AML/MDS Report
Form, plus prestudy form, the toxicity form, C-528, and a copy of IRB notification
to the Operations Office within 10 working days:

Southwest Oncology Group Operations Office
ATTN: ADR Program
14980 Omicron Drive

San Antonio, TX  78245-3217

14.7     Adverse        Event              (AE)        Reporting       for        CTSU       Investigators   

This study will utilize the CTC version 2.0 for toxicity and Adverse Event (AE)
reporting. A hyperlink to the CTEP home page that contains CTC information is
available on the CTSU website. CTSU investigators are responsible for reporting
adverse events according to the CALGB guidelines, including notification of their
local IRB.  All reporting should be conducted within the timeframes specified in the
protocol and completed forms and reports should be faxed to the CTSU Data Center.
 The CTSU will review the documents to ensure that all necessary information is
included and will forward them to CALGB.  CALGB will then distribute the documents
internally and to the appropriate regulatory agencies.

For those AE’s requiring 24-hour phone notification, the CTSU investigator is
responsible for reporting the event within 24 hours to the following persons/agencies:

g) CTSU Data Center at 1-888-462-3009

h) NCI Investigational Drug Branch at 301-230-2330

i) CALGB Study Chair (Dr. Len Saltz) at 212-639-2501

14.7.1 Secondary Malignancies Reporting for CTSU Investigators:

All CTSU investigators are required to report secondary malignancies occurring
on or following treatment on NCI-sponsored protocols.  Events should be reported
according to the CALGB guidelines and conducted within the timeframes specified
in the protocol. Completed forms should be submitted to the CTSU. Once received,
the CTSU will send the forms to CALGB who will forward them to the appropriate
agencies.
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16.0 MODEL CONSENT FORM

PHASE III INTERGROUP TRIAL OF IRINOTECAN (CPT-11) (NSC#616348) PLUS
FLUOROURACIL/LEUCOVORIN (5-FU/LV) VERSUS FLUOROURACIL/LEUCOVORIN ALONE AFTER CURATIVE

RESECTION FOR PATIENTS WITH STAGE III COLON CANCER

This is a clinical trial (a type of research study). Clinical trials include only patients who
choose to take part. Please take your time to make your decision. Discuss it with your
friends and family.

WHY IS THIS STUDY BEING DONE?

You are being asked to participate in this study because you have colon cancer and have
had surgery to remove the cancer. The purpose of this study is to determine which of the
following treatment plans is more effective in preventing the return of your colon cancer:

A) a weekly schedule of chemotherapy drugs called fluorouracil (5-FU) and leucovorin (LV)
over 32 weeks;

B) a weekly schedule of 5-FU and LV plus irinotecan (CPT-11) over 30 weeks.

This research is being done because patients with colon cancer who have surgery to
remove their cancer are at risk for the cancer coming back after surgery. In some patients,
the risk of the cancer coming back can be reduced by giving chemotherapy drugs after the
operation. The chemotherapy agent most commonly used in the treatment of colon cancer
is a drug called 5-fluorouracil, often referred to as 5-FU. 5-FU is usually given by injection
into a vein. Studies over the past twenty years have shown that 5-FU is perhaps better
able to kill cancer cells when it is given with another drug called leucovorin (LV), and 5-
FU plus leucovorin is routinely used at many centers to treat colon cancer. Unfortunately,
despite the use of these drugs, the colon cancer still comes back in many patients.

The Cancer and Leukemia Group B (CALGB), in cooperation with other cancer researchers,
is trying to develop better treatments for colon cancer which would result in fewer
patients having their cancer come back. One approach being studied is the use of new,
hopefully better, chemotherapy agents. Irinotecan (CPT-11) is a drug that has recently
gained approval from the Food and Drug Administration for the treatment of colon
cancers that have gotten worse despite treatment with 5-FU. Studies are now in progress
to see if irinotecan is useful as a first treatment for colon cancer, either alone, or with 5-
FU and leucovorin in patients with advanced, metastatic (widespread) colon cancers. This
research trial will also study the safety and side effects of including irinotecan in the
treatment of colon cancer.

HOW MANY PEOPLE WILL TAKE PART IN THE STUDY?

Approximately 1260 patients will participate in this study.

WHAT IS INVOLVED IN THE STUDY?

This is a randomized study, which means that two treatments are being compared with
each other to find out whether one of these is better. If you agree to enter this trial, you
will be randomly assigned to either one treatment or the other. You have an equal chance
of assignment to either group - as in the flip of a coin. This helps to make the results of
this research study more scientifically sound. Neither you nor your doctor will have a say
in which arm you are assigned to, but both you and your doctor will be informed as to
which treatment you are to receive. Following surgery, a rest period of at least three weeks
(usually 4-6 weeks) is given, until you have recovered adequately from your operation.
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You will then be treated according to whichever of the two treatment schedules below you
are assigned to, either Schedule A or Schedule B:

Schedule A: You will receive standard weekly doses of 5-FU and leucovorin through a vein
in your arm for 6 weeks in a row followed by two weeks with no chemotherapy treatment.
This treatment cycle will be repeated three times, for a total of 32 weeks of treatment.

OR

Schedule B: You will receive doses of irinotecan, 5-FU, and leucovorin through a vein in
your arm together one day per week for 4 weeks in a row, followed by two weeks with no
chemotherapy treatment. This six-week cycle will be repeated four times, for a total of 30
weeks of treatment. For the first two cycles of irinotecan you will remain in the treatment
area for a minimum of one hour following completion of the irinotecan infusion in case
acute abdominal cramping develops.

If at any time you have any symptoms or signs of progressive disease, your doctor will
order whatever tests he/she feels is appropriate to evaluate your medical condition.

We will also ask you to fill out a questionnaire about your diet and daily activities half-
way through your chemotherapy and 6 months after you complete your chemotherapy.
This questionnaire should take about 30 minutes to complete.

HOW LONG WILL I BE IN THE STUDY?

You will be receiving treatment for either 30 or 32 weeks (about 7 months). In addition,
you will be followed for seven years after the end of treatment unless the cancer returns.

If health conditions occur which would make your participation possibly dangerous, or
if other conditions occur that would make participation harmful to you or your health,
then your doctor may discontinue this treatment.

Participation is voluntary. If you choose not to participate or wish to withdraw your
consent to participate in this treatment at any time, it will in no way affect your regular
treatments or medical care.

If you take part in this study, you will have the following tests and procedures:

• Prior to beginning the study: History and physical, blood tests, and chest x-ray.

• While receiving chemotherapy:
- Weekly blood tests
- History and physical at the beginning of each cycle of treatment

• Six weeks after chemotherapy treatment is complete, then every 3 months for 2 years,
every 4 months for 2 years, then annually for 3 years:

 History, physical, and blood tests

• Annually for 5 years after chemotherapy is complete: chest x-ray.
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WHAT ARE THE RISKS OF THE STUDY?

The treatment of colon cancer in this study makes use of drugs which are known to have
side effects, some potentially very serious, but rarely fatal. While on the study, you are at
risk for these side effects. You should discuss these with the researcher and/or your
regular doctor. There also may be other side effects that we cannot predict. Other drugs
will be given to make side effects less serious and uncomfortable. Many side effects go
away shortly after the drugs are stopped, but in some cases side effects can be serious or
long-lasting or permanent.

Schedule A (5-FU and LV)

Most likely side effects
• Diarrhea
• Mouth sores
• Nausea
• Vomiting

• A temporary decrease in
numbers of white blood cells.

• Peeling skin on hands and feet
• Sensitivity to sunlight

• Loss of appetite
• Fatigue
• Hair loss
• Watery eyes

Less likely side effects
• Skin rash
• Blurred vision
• Loss of nails
• Headache
• Allergic reaction to LV
• Confusion

• Tingling of the fingers and toes
• Unsteadiness when walking
• Decrease in platelets (cells that

help your blood clot)
• Changes in liver function tests

Very unlikely but serious side effects

• Spasms of the blood vessels that supply the heart, possibly leading to heart
attacks

• Death

Schedule B (5-FU, LV, and CPT-11)

Most likely side effects
• Diarrhea
• Mouth sores
• Nausea
• Vomiting
• Sweats

• A temporary decrease in
numbers of white blood cells.

• Peeling skin on hands and feet
• Sensitivity to sunlight
• Stomach cramps

• Loss of appetite
• Fatigue
• Hair loss
• Watery eyes

Less likely side effects
• Skin rash
• Blurred vision
• Loss of nails
• Anemia
• Unsteadiness when walking
• Allergic reaction
• Headache

• Confusion
• Tingling of the fingers and toes
• Decrease in platelets (cells that

help your blood clot)
• Changes in kidney and liver

function tests
• Inflammation of the colon

Very unlikely but serious side effects

• Spasms of the blood vessels that supply the heart, possibly leading to heart
attacks

• Lung damage resulting in shortness of breath (may be permanent)

j) Blood clots

• Death

You will be monitored closely for these side effects. If symptoms develop, your physician
will initiate appropriate treatment. Other unexpected side effects that have not yet been
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previously observed may also occur. You must tell the study doctor about any new health
problems that develop while you are participating in this study.

Because these chemotherapy drugs may affect an unborn baby, you should not become
pregnant or father a baby while receiving treatment with 5-FU, LV or CPT-11. For this
reason, you will be asked to practice an effective method of birth control while you are
participating in this study.

ARE THERE BENEFITS TO TAKING PART IN THE STUDY?

If you agree to take part in this study, there may or may not be direct medical benefit to
you. We hope the information learned from this study will benefit other patients with
colon cancer in the future.

WHAT OTHER OPTIONS ARE THERE?

The standard recommended practice for your cancer is to perform the surgery you have
already undergone, and then treat with one of several fluorouracil-based chemotherapy
regimens for approximately 6-7 months. Arm A of this study (fluorouracil plus
leucovorin, without the addition of CPT-11) is one of the most widely used standard care
options, and would be one of several alternative treatments available to you if you choose
not to participate in this study. Another option available to you is no therapy at this time
with care to help you feel more comfortable.

There is no clear evidence that other treatments:

1) are significantly more effective than those used in this study.

2) are curative.

WHAT ARE THE COSTS?

Any procedure related solely to research which would not otherwise be necessary will be
explained. Some of these procedures may result in added costs and some of these costs
may not be covered by insurance. Your doctor will discuss these with you.

In addition, the use of medications to help control side-effects could result in added costs.

Investigational Agent Cost Assumption by Patient: The CPT-11 will be provided to your
doctor by Pharmacia-Upjohn through the Division of Cancer Treatment and Diagnosis
free of charge. If CPT-11 becomes commercially available during the course of the study,
however, you or your insurance company may be asked to purchase subsequent doses of
the medicine.

Fluorouracil (5-FU) and leucovorin (LV) will be obtained commercially and you will be
charged as in the case of standard treatment.

In the event that complications occur as a result of this treatment, you will be provided
with the necessary care. However, you will not automatically be reimbursed for medical
care or receive other compensation as a result of any complications.

WHAT ARE MY RIGHTS AS A PARTICIPANT?

Taking part in the study is voluntary. You may choose not to take part or may leave the
study at any time. Leaving the study will not result in any penalty or loss of benefits to
which you are entitled.

We will tell you about new information that may affect your health, welfare, or
willingness to stay in this study.
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You may contact either the investigator in charge or a member of the human protection
committee of __________ Hospital whose names and phone numbers are listed at the end
of this form, if at any point during the duration of this treatment you feel that you have
been:

a. inadequately informed of the risks, benefits, or alternative treatments, or

b. encouraged to continue in this study beyond your wish to do so.

WHAT ABOUT CONFIDENTIALITY?

Efforts will be made to keep your personal information confidential. We cannot guarantee
absolute confidentiality. Your personal information may be disclosed if required by law.

Organizations that may inspect and/or copy your research records for quality assurance
and data analysis include groups such as the CALGB (Cancer and Leukemia Research
Group B), NCCTG (North Central Cancer Treatment Group), ECOG (Eastern Cooperative
Oncology Group) SWOG (Southwest Oncology Group) the National Cancer Institute, CTSU
(Clinical Trials Support Unit) the National Cancer Institute of Canada, Genetics Institute,
Pharmacia and Upjohn, the Food and Drug Administration, or other Federal or state
government agencies in the ordinary course of carrying out their governmental functions.
If your record is used or disseminated for such purposes, it will be done under conditions
that will protect your privacy to the fullest extent possible consistent with laws relating
to public disclosure of information and the law-enforcement responsibilities of the
agency.

The results of this study may be published, but individual patients will not be identified
in these publications.

A record of your progress will be kept in a confidential form at _________ Hospital and also
in a computer file at the statistical headquarters of CALGB (if you are participating
through a CALGB institution), the NCCTG (if you are participating through a North Central
Cancer Treatment Group institution), SWOG (if you are participating though a Southwest
Oncology Group) CTSU (if you are participating through a Clinical Trials Support Unit
institution), NCIC (if you are participating through a National Cancer Institute of Canada
institution) or ECOG (if you are participating through an Eastern Cooperative Oncology
Group institution).

Results of your tests, including blood samples and pathology slides, and confidential
information contained in your medical record may not be furnished to anyone
unaffiliated with the __________ Hospital, CALGB, ECOG, NCIC, SWOG, CTSU or NCCTG
without your written consent, except as required by Federal regulation.

It may be necessary to contact you at a future date regarding new information about the
treatment you have received. For this reason, we ask that you notify the institution where
you received treatment on this study of any changes in address. If you move, please
provide your new address to the following person:

(name)________________________________ (title)________________________

(address)______________________________ (phone number)_____________________.

WHOM DO I CALL IF I HAVE QUESTIONS OR PROBLEMS?

For questions about the study or a research-related injury, contact the researcher
________________________ at (   telephone        number)   .

For questions about your rights as a research participant, contact the
________________Institutional Review Board (which is a group of people who review the
research to protect your rights) at    (telephone        number)   .
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This research project and its treatment procedures have been fully explained to you. All
experimental procedures have been identified and no guarantee has been given about
possible results. You have had the opportunity to ask questions concerning any and all
aspects of the project and any procedures involved.

Your signature indicates that you have read this form, have received acceptable answers
to any questions, and willingly consent to participate. You will receive a copy of this
form.

_________________________________ _________________________

(Patient's Signature) (Date)

_________________________________ _________________________

 (Physician’s Signature) (Date)

_________________________________ _________________________

 (Name of Responsible Investigator) (Phone #)

_________________________________ _________________________

 (Name of IRB Representative) (Phone #)
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RELATED STUDIES

In addition to the treatment study, researchers are also interested in studying tissue, body
fluids, or other specimens that were or may be obtained from you in the normal course
of treatment and care. These research tests may be developed during the time you are on
treatment or, in some cases, years later. We ask that you give approval for these tests to
be performed using these specimens. Because it is not possible for you or the researchers
conducting this study to know what will be discovered in the future and what additional
tests may be appropriate at that time, we ask that you give permission for such studies
without being contacted for permission for each test. These tests may provide additional
information that will be helpful in understanding colon cancer or response to treatment,
but it is unlikely that what we learn from these studies will have a direct benefit to you.
These studies may benefit patients in the future.

In addition, tissue obtained from you may be used to establish products that could be
patented and licensed. There are no plans to provide financial compensation to you
should this occur. These tests will not involve the study of cancer genes that can be
inherited (passed from parents to children). If studies of genes that can cause cancer are
proposed, and you have given permission to be contacted (see below), we would contact you
and ask for permission to conduct these tests at that time.

For ECOG Patients only:

My tissue may be kept for research about other health problems (for example: causes of
diabetes, Alzheimers disease and heart disease). 

________Yes ________No ________Initials

I agree that my tissue may be kept for use in research to learn about, prevent, treat or
cure cancer.

________Yes ________No ________Initials

I agree that someone may contact me to ask me to take part in research that involves
the study of cancer-causing genes.

________Yes ________No ________Initials
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APPENDIX I

Molecular Markers Of Prognosis In Stage III Colon Carcinoma

A COMPANION STUDY TO CALGB 89803
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I. BACKGROUND AND SIGNIFICANCE

In 1998, an estimated 135,000 new cases of colorectal cancer are expected in the United
States (1). Surgery is the primary modality of management for these tumors; a resection
with ‘curative intent’ is possible in about 85% of patients. Unfortunately, more than
60,000 individuals are expected to die of the disease, usually from distant metastases (2).
This high incidence of recurrent disease has led clinical investigators to recognize that
the ultimate control of colorectal cancer will require both local and systemic therapy.
Adjuvant therapies have, in fact, significantly improved the survival of patients with
Stage III (node positive) carcinoma of the colon (3,4) Ideally, only patients who have occult
metastases should receive adjuvant therapy because the drugs are toxic, expensive, and
only moderately effective against advanced disease. Pathologic stage criteria do not
precisely define which patients have such metastases when the primary is removed: 60-
65% of stage III patients receiving current adjuvant chemotherapy will not develop
metastases and will be cured. The remaining patients will recur and most will die of their
disease. Thus, it would be important to more precisely identify those patients at greatest
risk for recurrence who would be most likely to benefit from adjuvant therapy. We also
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wish to define a group of patients who are likely to recur in spite of established adjuvant
therapy and thus be candidates for novel adjuvant therapies as these develop.

The current criteria used to evaluate prognosis are stage-related and histologic
parameters. Stage-related variables measure the extent of disease (depth of invasion of
bowel wall, presence or absence of metastasis in regional nodes or distant sites, number
of involved nodes). Histologic variables assess the state of differentiation of a neoplasm
(grade), extramural vascular invasion and pre-operative serum carcinoembryonic antigen
(CEA) level (5). The first widely used staging system was proposed by Dukes in 1932 (6) and
assessed invasion of the bowel wall and the status of the regional lymph nodes by rectal
carcinomas. Dukes did not consider grade-related criteria to affect outcome as strongly
as stage-related parameters did. Thus, the TNM staging system (7) and both the Gunderson-
Sosin (8) and Astler-Coller (9) modifications of the Dukes system only assess invasion of
the bowel wall and status of regional lymph nodes.

These staging systems create categories too large to be useful prognosticators for
individual patients and can be applied only after pathologic examination of the resected
primary tumor and lymph nodes. This prompted investigators to include histologic
variables in a staging system to improve prognostication. However, when histologic
variables were included with the number of involved lymph nodes and degree of invasion
through bowel wall in a Cox proportional hazards regression model of survival in 447
consecutive rectal carcinomas, the only independent histologic variable was lymphocytic
infiltrate (5-10). Several other studies (11-14) confirmed that stage-related, but not
histologic variables are independently associated with the survival of either colon or
rectal carcinoma patients. In addition, within each stage, it has been difficult to identify
clinically useful parameters that can stratify patients according to their risk of
recurrence. This has led various investigators to examine additional genotypic or
phenotypic characteristics in colon carcinoma that may be of prognostic value. These
have focused on markers of cell proliferation or on features which may contribute to
metastatic capacity in colon cancer such as ploidy and S phase fraction (15-19),
expression of proteases or their receptors (e.g., metalloproteinases or urokinase and the
uPAR) (20,21), and the expression of plasma membrane glycoproteins which may
contribute to cell adhesion (CD44, sialyl Lewis a) (22,23). Most of these reports are single
marker retrospective or small prospective investigations. Interpretation of these studies
often has been hampered by poor quality clinical databases, lack of standardization or
quality control of the laboratory methodologies, or variability of statistical
methodologies (24). As pointed out recently by the Colorectal Cancer Working Group of the
College of American Pathologists, the findings of these studies have not been incorporated
into the design of prospective therapeutic trials (24). The strategy we have taken in this
companion correlative science protocol to CALGB 89803 is to analyze the expression of
a set of biological properties of the tumors or the host’s response and to determine their
usefulness either individually or in combination as markers of clinical outcome in
patients with high-risk node-negative colon carcinoma (Stage II; MAC B2) or node-positive
colon carcinoma (Stage III; MAC C). These potential prognostic markers have been selected
based upon strong preliminary retrospective data and demonstrated laboratory expertise
of CALGB-associated investigators. They fall into four broad categories: genomic
instability (p53, microsatellite instability (MSI)), cell cycle control (p21, p27), tumor
metastasis (18q LOH, VEGF and microvascular density), and responsiveness to
chemotherapy (topoisomerase 1 and thymidylate synthase).
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II. PRELIMINARY STUDIES

1. Genomic Instability: p53 and MSI

p53: A frequently examined candidate determinant for recurrence and survival in
colon cancer is the tumor suppressor gene p53. Mutations in p53 are the most
common genetic abnormality found in solid tumors. p53 protein accumulation is
found to predict early recurrence and clinical outcome in patients with non-small
lung cancer (25,26), in node-negative breast cancer (27-29), and in carcinoma of the
bladder (30). The prognostic value of p53 analysis in colorectal cancer is less clear.
p53 has been analyzed indirectly by the demonstration of loss of heterozygosity of
chromosome 17p (31), and directly by mutational analysis using direct sequencing or
single strand conformation polymorphism determination (32). Since the half-life of
mutant p53 protein is prolonged, cells harboring mutant p53 may stain positively for
p53 protein by immunohistochemical techniques while cells bearing only wild-type
p53 are usually negative by IHC. Consequently, some investigators have used p53
immunopositivity as a surrogate for p53 mutation and examined the relationship
between p53 positivity by IHC and clinical outcome (33-42). These studies have been
subject to certain criticisms due to: 1) the use of different monoclonal antibodies
(DO7, 1801, p240) and polyclonal antibodies to detect the p53 protein; 2) the variable
percentage of immunoreactive neoplastic cells used as a cutoff between positive and
negative tumors; 3) different scoring of the immunocytochemical results according
to the nuclear or cytoplasmatic compartmentalization of the p53 protein
immunoreactivity; and 4) the potential instability of mutant p53 protein in formalin-
fixed, paraffin-embedded tissue and employment of antigen retrieval methods or poor
correlation between IHC positivity and p53 mutation (43,44). In patients with
advanced colorectal cancer, response to systemic chemotherapy may be predicted by
p53 status. Several studies have shown a good correlation between p53 abnormalities
(mutation or protein over-expression) and diminished survival in patients undergoing
curative colon resection (34,36-42), while other investigators have failed to identify
a relationship between p53 status and survival in colorectal cancer (33,35). A recent
study reported by Ahnen et al. analyzed the relationship between nuclear over-
expression of p53 and clinical outcome using the antibody DO7 in 220 patients with
either Duke’s B2 (n=66) or Duke’s C (n=163) cancers entered into Intergroup 0035, a
study of observation vs. adjuvant 5-FU/levamisole for resected colon cancer (45).
These authors found that p53 overexpression predicted for a     better    disease-free
survival in the stage III but not in the stage II patients. p53 status might also predict
treatment efficacy in patients receiving adjuvant chemotherapy similar to what has
been found in patients with advanced colorectal cancer (46). A primary goal of this
project is to identify patients with stage III colon cancer at significantly higher risk
of recurrence and poor clinical outcome who might benefit from investigational
therapies.

Anticipated results: This portion of the study will establish if the p53 nuclear
overexpression will be predictive for tumor recurrence and survival. We expect that
patients with p53 nuclear overexpression in their tumors have a higher risk of
developing tumor recurrence and have a poor clinical outcome. Patients with no p53
nuclear expression are expected to have less recurrence and good clinical outcome.
Furthermore, we expect that tumors with p53 nuclear overexpression will have higher
TS expression; however, some tumors with no p53 nuclear staining will have high TS
staining. Patients with wt p53 and low TS expression in their tumors will have the
lowest risk of tumor recurrence. (See below)

Microsatellite Instability: This portion of the study addresses tumor replication error
(RER) status as a potential tumor-specific predictor of treatment outcome in colorectal
cancer. Mutations altering the ability of a tissue to repair damaged DNA are
important contributing factors in a number of cancers. In human colorectal cancer,
altered DNA repair is characterized by mismatch repair, also known as replication
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error (RER). RER can be identified by screening for alterations in inherited patterns
of nucleotide repeats scattered throughout the genome. Previous studies (47-54)
demonstrated that RER is present in a significant fraction of colon cancers, both in
patients with and without a family history of cancer. Individuals with Hereditary
Nonpolyposis Colon Cancer (HNPCC) whose tumors demonstrate this instability
marker (RER+) are frequently carriers of a germline mutation in a mismatch repair
gene (MMR+) (55-57). Through comparison of DNAs from tumor tissue and peripheral
blood leukocytes, it is possible to identify RER and to distinguish between germline
and somatic mutations in hMSH2, hMLH1, hPMS1, or hPMS2, the most frequently
mutated mismatch repair genes.

The presence of intact DNA repair may also be an important prognostic indicator for
colorectal cancer. In studies of colorectal cancer cell lines containing MMR gene
mutations, lack of response to chemotherapeutic agents in vitro is found in RER+ cell
lines, where RER- tumors remain sensitive. For example, HCT116 cells lack hMLH1
function, and are insensitive to 5-FU in vitro. When chromosome 3, which contains
hMLH1, is transferred to HCT116 cells, mismatch repair function is restored, and
cells are inhibited by culture in 5-FU (58). Colorectal cancer cell lines with MMR
defects are resistant to methylating agents (59). Few studies have addressed the
relationship between tumor RER status, tumor behavior, and cancer family history.
Lothe et al. (60), using PCR-based analysis of 7 microsatellite loci, found that 17% of
patients without and 31% of patients with a strong family history of cancer exhibited
changes at one or more loci. Patients with RER+ tumors defined by this study
exhibited increased survival when compared to their RER- counterparts. The
relationship between RER status and prognosis was similar in a study of
microsatellite instability in 90 colorectal tumors not selected by family history (59).
In a detailed study of sporadic colorectal cancers, a strong association was observed
between mucinous differentiation and RER+ phenotype (75% RER+ showed mucinous
differentiation, versus 13% RER-) (61).

Preliminary studies: RER Analysis of Colorectal Cancer Hepatic Metastases. Samples
liver secondaries and normal adjacent liver tissue were obtained from patients
undergoing surgical exploration for isolated liver metastases of colorectal carcinoma.
Following confirmation of pathology by H&E staining, DNA was extracted separately
from tumor-containing and non-tumor-containing tissue. Primers for PCR
amplification of 10 different variable length-repeat segments were tagged with a
fluorescent marker to allow analysis of the PCR products using the Applied
Biosystems 377 Automated Sequencer with GeneScan and Genotyper Software. The
products of PCR were denatured and run on a non-denaturing high-resolution 10%
polyacrylamide gel. RER positives were defined as cases in which particular
differences in the band pattern between the DNAs from tumor and normal tissue from
the same person are recognized by at least one of the four primers. The observed
alterations generally involved additional CA-repeat bands, seen as band shifting on
the gels. Other changes, such as the loss of one or more bands from tumor when
compared with normal tissue from the same person, known as loss of CA repeats,
were scored, as they may also suggest mutations in mismatch repair genes. All
positives were confirmed at least twice.

Table A-1

Results of RER Analysis of Colorectal Cancer Hepatic Metastases:
Number of Tumors Showing Alterations between Tumor and Normal Tissue

Number of Loci Positive:

none <1 <2 <3 <4

36(63%) 21(37%) 10(17.5%) 4(7%) 3(5%)

Total Number of Tumors Tested: 57
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This pilot study shows that 17.5% of metastatic colorectal cancers demonstrated
changes in 2 or more of the chosen microsatellite repeat segments. The patients
whose tumors were tested received chemotherapy for treatment of their metastatic
cancer, and the outcome results are pending. The results of this preliminary study are
consistent with data obtained by other investigations (54,60,62,63) characterizing the
RER status of patient populations not selected by family history.

In a study from the NCCTG, tumors from 508 patients with colon cancer undergoing
adjuvant chemotherapy were characterized using 11 microsatellites on chromosomes
5,8,15,17, and 18 (17). Tumors were defined as MSS = microsatellite stable; MSI-L =
<30% of markers unstable; and MSI-H = ≥30% of markers unstable. In comparing the
three groups, MSI-H tumors were associated with Dukes’ B stage (p=0.01) and diploid
status (p=0.03), suggesting that patients with MSI-H tumors have a more favorable
outcome. The clinical outcome data from this study have not yet been published.

Anticipated Results: We expect that patients with tumors demonstrating
microsatellite instability will have an improved disease-free and overall survival.

2. Cell Cycle Related Markers: p21 and p27

Cyclin dependent kinase inhibitors p21/WAF1/CIP1 and p27. While the presence of
p53 mutations can be inferred to a large extent by immunohistochemical analysis,
to date no easily measurable biochemical parameter has been identified that would
be indicative of p53 function. However, recently, a gene has been identified,
p21/WAF1/CIP1, which functions as a cyclin-dependent kinase (CDK) inhibitor and
is thought to be a direct mediator of p53 cell-cycle regulatory activity and p53-
mediated apoptosis (64,65). Transit of cells into S-phase of the cell cycle is regulated
by protein kinases known as CDKs whose activity is promoted by cyclins and
inhibited by a family of proteins called cyclin-dependent kinase inhibitors (CKI) (66).
The CKI p21 has been shown to be induced directly by wt p53 in vitro but its
expression is lost when active p53 is absent (65,67). These findings suggest that p21
levels maybe useful as an indicator of p53 function in cells and may be a link
between p53 status and TS expression. If p21 expression is a reflection of the p53
function, low or absent expression of p21 may indicate a lack of p53 transcriptional
activity, while partial expression of p21 should indicate some retention of p53
activity. p21 expression may not only help to identify p53 mutations which may have
partial wild-type activity but also to identify tumors with false negative p53 staining
due to deletion, non-sense and mispliced mutations. However, p21 may be regulated
in a p53-independent manner through activation of the type II TGFb receptor (68).
Consequently, mutations in the TGFb RII may lead to diminished p21 even in the
presence of wild type p53. Similarly, preserved p21 expression may occur in the face
of mutant p53 through this p53-independent pathway.

In sporadic carcinomas, a decrease of p21 expression accompanied adenoma
development and progression to carcinoma. p21 was detected in 12/16 (75%)
adenomas and in 10/32 (31%) of carcinomas. In contrast to the sporadic cases
HNPCCs with known mutations in DNA, mismatch repair p21 was expressed in 12/15
(80%) of cancers. An inverse relationship between p21 and p53 was observed wherein
mutant p53 was detected in 4/15 (27%) HNPCCs versus 22/32 (69%) sporadic cancers
(69).

P27. Like p21, the CKI p27 binds to and inactivates cyclin/CDK complexes, thereby
blocking progression through G1 into S phase (70). Expression of p27 protein is
highest in G0 and G1 cells, and its degradation via the ubiquitin/proteosome pathway
is necessary for cellular entry in the DNA replicative phase of the cell cycle. Mitogens
permit this transition in part by down-regulating p27 expression (71). p27 protein
expression has been examined in a semi-quantitative fashion using
immunohistochemistry in several epithelial cancers. In carcinoma of the breast,
esophagus and prostate and in non-small cell lung cancer, low p27 expression is
associated with histologic and biochemical markers of aggressive tumor behavior and
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predicts for unfavorable clinical outcome (72-75). The clinical relevance of p27 in
colorectal cancer was suggested by Loda et al. (76). In a retrospective series of patients
with Stage II and III colorectal carcinoma, weak (1 - 50% of tumor cells express
nuclear p27) and strong (>50% of tumor cells express nuclear p27) expression are
associated in a multivariate analysis with a six- and thirty-fold reduction in death
from cancer compared to patients whose tumors lack p27 expression. (Fig. 1)

Anticipated Results: Patients with tumors expressing high levels of p21 or p27 will
be less likely to recur and will experience better overall survival in comparison with
those with low p21 or p27. We anticipate a significant correlation between low p21
and positive immuno-histochemistry for p53 (a presumed mutant genotype).

FIGURE 1
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TABLE A-2

Clinicopathological Characteristics, p27 Expression, and Univariate Analysis of
Outcome in 149 Patients with Colorectal Carcinoma

Variable Category
Total

(N=149)

Median
Survival
(Months) P

Gender Female 70 >272 0.232
Male 79 88

Age < 74 years old 102 118 0.763
( 74 years old 47 140

Tumor Site Rectum 45 76 0.268
Colon 104 151

TNM I 32 >247 0.0001
Stage II 65 149

III 51 73
IV 1 0

Tumor Well 9 >182 0.034
Differentiation Moderate 125 140

Poor 15 >95

p27 (50% 45 >241 0.042
1-50% 89 149
Absent 15 69

Table A-2: Rectum is defined in tumor site as the large bowel distal to the
peritoneal reflection. TNM staging is grouped as defined by the AJCC. p27
expression is scored by immunohistochemistry of paraffin sections as Absent (no
tumor cells display any p27), 1-50% of tumor cells display p27 either in
cytoplasm, nucleus or both, and more than 50% of tumor cells express p27. The
actuarial analysis used a Wilcoxon test to determine p values from Kaplan-Meier
curves that assessed median survivals in months (76).

3. Markers of Metastatic Potential: DCC and VEGF.

Chromosome 18q Allelic Loss. Chromosomal deletions are commonly observed in
solid tumors, and regions with frequent loss are presumed to harbor potential tumor
suppressor genes. Mutation generally occurs in one copy while the other allele is lost,
and may be replaced by a duplicated copy of the mutant allele. As an example, allelic
deletions (LOH) on 18q have been reported in up to 70% of colorectal cancers, and LOH
at 18q has been detected in a variety of tumors including breast (35%-70%), gastric
(61%), prostate (45%), esophageal (24%), and CNS tumors (77-82). However, the
identity of the gene(s) residing on 18q which is the target of the LOH and may
function as a tumor suppressor remains uncertain. Fearon and co-workers identified
the gene deleted in colon cancer (dcc) as a putative tumor suppressor gene that maps
to 18q21 (83). It has been suggested that DCC plays an important role in cellular
differentiation. Colorectal tumors that have lost their capacity to differentiate into
mucin-producing cells lack DCC expression, while well-differentiated
adenocarcinomas retain DCC expression (84). Rat pheochromocytoma cells (PC12)
transfected with antisense to DCC inhibit neurite outgrowth and NIH3T3 cells
overexpressing DCC stimulate neurite outgrowth in neighboring PC12 cells (85). The
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chicken homologue to human DCC is an epithelial adhesion molecule, which is
expressed in cells involved in mesenchymal interactions. Antibodies raised against
the extracellular portion of DCC inhibits cluster formation of DCC-expressing PA317
fibroblast cells. Further, in vivo administration of DCC antibodies causes
disaggregation of layered embryonic chicken skin epithelial cells (86,87). More
recently, DDC has been found to interact with the chemoattractant protein netrin-1
which is involved in axon outgrowth and neuronal guidance (reviewed in 88).

Initial support for the concept that DCC may function as a tumor suppressor gene
derived from a variety of observations. Microcell-mediated whole chromosome 18
transfer into colon cancer cell lines reversed the malignant phenotype (89); however,
it is unclear whether this suppression was due to DCC restoration or to other gene(s)
on chromosome 18. DCC constructs transfected into HPV-transformed human
epithelial cells suppress their malignant phenotype (90) and antisense RNA to DCC
transforms Rat 1 fibroblasts indicating that loss of DCC expression may be important
in the transformation of this cell type (91). A diminished level of DCC in colorectal
cancers in comparison to matched normal mucosa has been reported by some, but not
all, investigators (92,93), lending further support to the concept that DCC is important
in colon cancer progression. However, the mechanism of loss of DCC expression is
unclear. Mutations in the DCC gene are uncommon in colorectal cancers
demonstrating 18q LOH (94). The loss of DCC gene expression has been secondary to
abnormalities of a closely linked gene(s). In fact, two other candidate tumor
suppressors genes, smad4 and smad2, map also to 18q21. These genes code for
proteins involved in TGFb signaling and their role in colon cancer tumorigenesis
remains to be clarified (95,96), although mutations in these genes are not common in
colorectal cancer either (97). Perhaps the most compelling argument against DCC as
a tumor suppressor in colon carcinogenesis comes from the study of Fazeli and co-
workers. Targeted disruption of both DCC alleles in the mouse led to defects in
neuronal development similar to that seen in netrin-1 knockout mice; however, no
intestine-related phenotype was observed. Specifically, dcc null animals have normal
intestinal epithelial growth and development and do not demonstrate an increased
rate of small or large bowel tumor formation even when crossed into and APC null
background (88).

Clinical studies regarding the prognostic value of DCC under-expression in colon
cancer have been limited, in part due to lack of reliable techniques developed to detect
DCC protein in formalin-fixed, paraffin-embedded tissue. Most studies have examined
18q LOH by PCR amplification of polymorphic microsatellite at or near 18q21, and
the results remain controversial. Iino et al., in 98 colorectal samples, demonstrated
that 18q LOH was significantly correlated with lymphatic invasion and hepatic
metastases (98). Jen et al. retrospectively examined 69 stage II and 76 stage III colon
cancer patients for 18q LOH and concluded that 18q allelic loss was strongly
predictive (hazard ratio for death, 2.46; 95% CI 1.06-5.71; P=0.036) after adjustment
for all other evaluated factors including tumor differentiation, vascular invasion,
and TNM stage (99). More recently, both Ogunbiyi et al. and Martinez-Lopez and co-
workers found that allelic loss at 18q predicted shortened disease-free and overall
survival in stage II colon cancer patients (100,101) while Carethers reported that
18q21 LOH had no predictive value in seventy patients with stage II colon carcinoma
(102).



CALGB 89803

11/15/049

Shibata and co-investigators (103) developed an immunohistochemical method for
directly assessing the expression of the DCC gene product in fixed tissues. In a series
of 132 colorectal cancer patients of whom 70 were stage II, it was found that lack of
expression is associated with a 30% increase in recurrence compared with patients
whose tumors express DCC (see Table A-3 and Fig. 2 below). Unfortunately, this
affinity-purified polyclonal rabbit antibody is no longer available and other
investigators have had difficulty in performing reliable IHC using paraffin-embedded
archival tissue. Goi et al., however, recently reported the development of a mouse
monoclonal antibody against a human dcc-GST fusion protein that appears useful in
immunohistochemistry (92). Until this antibody is obtained and tested, 18q
abnormalities in this protocol will be evaluated by analysis of allelic loss only.

Anticipated Results: Loss of heterozygosity for chromosome 18q by PCR techniques
using microsatellite markers spanning the DCC locus on 18q will be assessed. For
informative cases, we expect that patients with cancers that demonstrate LOH at 18q
will have a higher recurrence rate and poorer overall survival. We also will
investigate a correlation between LOH and DCC immunohistochemistry, permitting
the application of the technically less complex IHC method to be adopted for routine
clinical practice, if preliminary studies of new DCC antibody reagents are
encouraging.

TABLE A-3

Cox Analysis of 132 Patients with Stage II-III Colorectal Cancer

Variable Category Risk Ratio C.I. p  

Gender M = 1, F = 0 1.28 0.72 - 2.28 0.40

Age ≥65 = 0, <65 = 1 0.91 0.50 - 1.63 0.74

Site Rectum = 0, Colon = 1 0.87 0.48 - 1.58 0.64

Grade P = 1, W/M = 0 1.77 0.39 - 8.12 0.46

Stage III = 1, II = 0 3.11 1.70 - 5.71 0.0002

DCC Absent=1, + = 0 3.16 1.70 - 5.85 0.0003
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4. Tumor Angiogenesis, Microvascular Density and Vascular Endothelial Growth Factor
Expression.

New blood vessel formation is considered a fundamental element in the capacity of
tumors to grow beyond a few millimeters in greatest dimension (104). The ability of
a neoplasm to induce angiogenesis appears to represent a balance between positive
and negative regulatory factors (105). Inhibition of tumor endothelial cell
proliferation or the inactivation of endothelial mitogens has shown promise as novel
anti-neoplastic strategies, which are beginning to undergo clinical therapeutic trials
in humans. The analysis of tumor angiogenic activity in patients undergoing
potentially curative resection was first shown by Weidner and co-workers to be an
independent measure of clinical outcome in breast cancer (106). Subsequent studies
have generally supported the prognostic value of tumor angiogenesis in both node-
negative and node-positive breast cancer, as well as in cancers of the cervix, kidney,
bladder, ovary and stomach (107-113). A variety of growth factors have been found
to be capable of inducing endothelial cell proliferation, migration or tube formation
in vitro, and to act as direct angiogenesis factors in corneal neovascularization
assays (105). Recent interest has focused on the possible contribution of vascular
endothelial growth factor (VEGF) to tumor angiogenesis. On a molar basis VEGF is the
most potent known endothelial mitogen and is widely expressed in solid tumors
(reviewed in 114). In colorectal cancer, expression of VEGF and its receptors are up-
regulated in comparison to normal bowel and inhibition of VEGF activity has a
potent antitumor effect in animal models of liver metastasis (115).



CALGB 89803

11/15/0411

In colorectal cancer, only a limited number of studies have examined the relationship
between measures of tumor angiogenesis and prognosis, and no consensus has yet
emerged. Two studies of colon cancer and one in rectal cancer, employing anti-von
Willebrand factor staining of tumor vessels, have reported a statistically significant
association between microvascular density (MVD) and either risk of metastasis or
survival (116,117). However, Bossi et al. could demonstrate no independent prognostic
value to microvessel quantitation using anti-CD31 antibodies to stain tumor vessels
(118). Tomisaki et al. recently found that anti-vWF quantitation that MVD was
associated with hepatic metastasis but not with overall survival in a heterogeneous
group of patients with Dukes A, B or C cancers (119). Takahashi et al. have further
identified a relationship between vessel counts, VEGF expression and p53
abnormalities in a group of 93 patients with node-negative colon cancer and have
found that VEGF expression correlates with clinical outcome in these patients (120).
Monson and co-workers reported that pre-operative serum VEGF levels strongly
predicted disease at presentation (121). However, the predictive value of microvascular
density or VEGF expression and clinical behavior in colorectal cancer has not been
consistently observed (118,122). We propose to undertake the first prospective
analysis of tumor angiogenesis in stage II and stage III colon cancer by measuring
both MVD and VEGF expression by semiquantitative immunohistochemistry.

Anticipated Results: We expect that patients with tumors with a high microvessel
density or high VEGF protein expression will have a higher risk of tumor recurrence
and lower overall survival. The essay for VEGF by immunohistochemistry is semi-
quantitative at best. A preferable approach would be to use a quantitative ELISA, as
has been applied to breast cancer specimens recently (123, 124), revealing a strong
independent association between tumor VEGF levels and survival in node-negative
patients. However, only paraffin-embedded formalin fixed tissue will be available for
the present study, mandating an immunohistochemistry assay. Based upon the
results of VEGF neutralization studies in animals (115), we expect that in colon
cancer VEGF acts as the predominant tumor angiogenesis factor. Consequently, we
expect a strong correlation between MVD and VEGF protein immunohistochemistry.
Because wild-type p53 has been shown to up-regulate the expression of angiogenic
inhibitors and down-regulate the expression of angiogenic stimulators (125-127), we
will test for an association between p53 over-expression by immunohistochemistry
and both microvascular density and VEGF expression in these cancers.

5. Markers of Chemosensitivity: Thymidylate Synthase and Topoisomerase 1

Thymidylate synthase (TS) is an essential enzyme needed for DNA synthesis in S-
phase of the cell cycle and is the target enzyme of 5-fluorouracil (5-FU), the most
important chemotherapeutic agent in the treatment of colorectal cancer. The clinical
importance of TS protein has been suggested by studies demonstrating that intrinsic
levels of TS correlate with resistance to 5-FU in experimental tumors and in the
clinical setting (128,129). Studies of patients with colon and gastric cancer have
indicated that intratumoral TS gene expression is a major determinant of resistance
to 5-FU (130,132). Monoclonal antibodies to human TS have been recently developed
that have the sensitivity and specificity to detect and quantitate TS enzyme in the
cytosol from human cells and tumor tissues (133). In collaboration with Dr. Patrick
Johnston of the NCI-Navy Medical Oncology Branch, we were able to show that both
TS protein and TS gene expression are significantly associated with response to 5-FU
based chemotherapy (134). A recent retrospective study by Johnston et al. in 249
patients with rectal carcinoma has indicated that TS protein expression determined
by immunohistochemistry may be a powerful prognosticator of disease free survival
(DFS) and overall survival (135). Moreover, TS expression was independent of Dukes’
stage and other standard clinico-pathological criteria. It has been suggested that
quantitation of a chemo-therapeutic target such as TS may not only allow prediction
of risk of recurrence but may help identify patients who would benefit from adjuvant
chemotherapy within each Dukes’ stage (136).
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Understanding the role of TS as a predictor of survival and fluoropyrimidine
responsiveness might lead to improved therapeutic strategies in patients with colon
cancer (136). Preliminary data of intratumoral TS protein levels in patients with
stage II colon cancer suggest that high TS protein expression level is strongly
associated with tumor recurrence, indicating that TS expression may be an
independent prognostic factor for recurrence and clinical outcome in patients with
colon cancer (see below).

p53 and its relation to TS: The role of p53 in cell cycle regulation suggests that it
might be a prime candidate in controlling TS expression. Our in vitro data indicate
a possible association between TS expression and p53 status. Transfection of wt p53
into p53 null HL 60 cells lead to decreased TS gene expression levels indicating an
association between p53 and TS (137). In vivo data demonstrated that tumors with
mutant p53 had significantly higher TS gene expression than tumors with wt p53 in
patients with advanced colorectal cancer. Furthermore, in patients with stage II colon
cancer a significant correlation was found between high TS protein expression and
p53 nuclear overexpression (see Tables A-4a and A-4b).

TABLE A-4a

Association of TS Expression And p53 Overexpression with Recurrence

Variable Category # Pts.
# of

Recurrences

Prob. of
Recurring
at 4 Yrs.1

Relative
Risk2 p-value3

TS Staining High (≥2) 16 8 0.59±0.14 3.10 0.027

Low (≤1) 29 6 0.21±0.08

p53 Over-
Expression Yes 18 10 0.63±0.12 5.05 0.002

No 27 4 0.15±0.07

p53 and TS
Together

High TS &
p53 Over. 13 8 0.75±0.14 4.71 0.001

Low TS or
no p53

Over-Exp.

32 6 0.19±0.07
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TABLE A-4b

Association of TS Expression and p53 Overexpression with Survival

Variable Category # Pts. # of Deaths

Prob. of
Surviving
at 4 Yrs.1

Relative
Risk2 p-value3

TS Staining High (≥2) 16 9 0.67±0.12 5.36 0.004

Low (≤1) 29 4 0.86±0.07

p53 Over-
Expression Yes 18 10 0.63±0.12 7.03 <0.001

No 27 3 0.89±0.06

p53 and TS
Together

High TS &
p53 Over 13 9 0.59±0.14 7.35 <0.001

Low TS or
no p53

Over-Exp.
32 4 0.87±0.06

1 Estimated probabilities of recurring or dying are based on the Kaplan-Meier estimator;
standard errors are based on Greenwood’s formula.

2 Relative risk of failing (recurring or dying) with high TS or p53 overexpression, based on
Pike method.

3 Two-sided p-values are based on the logrank test.

Of the 16 tumors which demonstrated high TS protein expression, thirteen also had
p53 overexpression in the same tumor sections. We found a strong association
between the p53 nuclear overexpression and the cytoplasmatic TS staining (p<0.0001)
(see Table 4). These data confirm earlier findings in 37 patients with advanced
colorectal cancer that mutant p53 was associated with higher TS gene expression
(p=0.035)(138). In these tumors, p53 status was determined by cDNA cycle sequencing
and TS gene expression levels by quantitative RT-PCR. Of the 13 tumors with high TS
expression and p53 nuclear overexpression, 11 tumor had recurrence (85%) with a
relative risk of 5.96. These data indicate that p53 and TS expression might be
associated and not independent risk factors.

Topo 1: Topoisomerase I inhibitors have cytotoxic mechanisms which depend on
DNA damage detection, DNA repair, cell cycle arrest, and cell death by apoptosis.
Cancer cells often have defects within these control systems, and these defects may
confer selective sensitivity of drugs for therapy based on molecular determinants of
individual tumors. Based on preclinical and clinical data, the potential molecular
determinants of response to CPT-11 are: 1) topoisomerase 1; 2) genes involved in
apoptosis; and 3) DNA repair.

Topoisomerase 1 expression: A decrease of Topoisomerase 1 content in CPT-resistant
cells has been demonstrated in various cell lines indicating that Topoisomerase 1
mRNA levels may contribute to their resistance. In CPT-11 resistant cells a marked
decrease of Topoisomerase 1 protein was observed, indicating that the decreased
protein content of Topoisomerase 1 may cause the decreased activity of
Topoisomerase 1 and the decreased sensitivity to Topoisomerase 1 inhibitors. Jansen
et al. observed a positive relationship between the DNA topoisomerase-1 activity and
the cellular sensitivity to carboxylesterase-activated CPT-11 (r =0.75, p <0.1) as well
as to SN-38 (r =0.89, p <0.05). The higher topoisomerase-1 activity in COLO 320 cells
and tumors when compared with that in WiDr cells and tumors reflected the
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differences in sensitivity to the drug(s). In conclusion, the DNA topoisomerase-1
activity was the best determinant for CPT-11/SN-38 sensitivity in this panel of
unselected human colon-cancer cell lines (139).

Levels of topoisomerase 1 expression have been shown to vary widely between and
within tumor types but the basis for this is poorly understood. Preliminary clinical
data from patients with colorectal cancer suggest that topoisomerase 1 gene
expression may be a predictor of clinical outcome (140). High topoisomerase 1 gene
expression levels were associated with response to CPT-11; thus high expression
levels of topoisomerase 1 may be predictive of responsiveness to CPT-11.
Interestingly, the topoisomerase 1 gene expression levels were independent from the
TS expression level indicating that response to CPT-11 is possible despite increased
TS expression levels which is associated with resistance to 5-FU. There have been no
prospective studies to date that have attempted to correlate the level of Topoisomerase
1 expression and response to treatment with irinotecan or survival in colorectal
cancer.

We do not as yet have a reliable assay for Topoisomerase 1 suitable for use in
archival, formalin fixed specimens of colon cancer. When an assay for Topo 1 is
developed and tested for sensitivity, specificity and reliability in fixed tissue, an
analysis of the relationship between levels of Topoisomerase 1 expression and
outcome in the present study will be undertaken.

III. STUDY DESIGN AND METHODS

1. Specific Aim

To determine whether tissue-based and molecular markers (thymidylate synthase,
p53, p21, p27, VEGF, MVD, 18q LOH, MSI) are independent covariates in a
multivariate analysis with histologic and standard clinicopathologic variables in
patients prospectively accrued in a stage III colon carcinoma adjuvant therapy
clinical trial. Analyses will be stratified by treatment randomization. These markers
and their prognostic value will be assessed in patients treated in each therapeutic arm
of the clinical study.

2.  Experimental Design

We propose to test whether the expression of markers in primary carcinomas is
associated with survival and response to therapy in an adjuvant chemotherapy trial
in stage III primary colon carcinoma. Approximately 1260 patients will be
randomized to receive 5-FU plus leucovorin alone or in combination with CPT-11
following potentially curative surgery. Most of the markers to be studied have been
shown in individual retrospective trials to be significantly associated with overall
or disease-free survival. We will analyze intratumoral protein markers by
immunohistochemistry and 18q LOH and MSI by PCR-based analysis of formalin-
fixed, paraffin-embedded tissues, and compare marker expression to the presence of
standard clinical and pathological factors. Samples will be coded and analyzed
independently by two investigators whose scores will be averaged for both the
intracellular distribution and the frequency of cells that express markers. The same
coding system will be used to assure that pathologic staging is correct. Inter-rater
agreement will be assessed as described in Section V. The potential interaction of
markers on clinical outcome will also be assessed.
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3. Pathologic Assessment of Prospectively Accrued Tissues

Tissues for clinical diagnosis will be fixed in formalin, embedded in paraffin, and
processed for routine staining with hematoxylin and eosin by the Pathology
Coordinating Laboratory of CALGB. We will request 1-2 blocks for each study subject
from the primary tumor. We will also request a block containing non-neoplastic
tissue (normal colon or uninvolved lymph node). Extra sections of each block will be
cut and will be archived by CALGB in anticipation of additional marker studies that
may require such tissue in the future. Pathologic staging is confirmed according to
TNM staging (7). Histological evaluation of tissues will be performed independently
of the marker analysis. After ensuring that sections contain predominantly tumor
(>70% neoplastic) cells, the number of slides indicated below will be sent to the
individual co-investigators for marker analysis. We anticipate sufficient material to
perform all the analyses described. In the event that tissue availability is limited, the
analyses will be undertaken under the following priority scheme: TS, p53, 18q LOH,
MSI, p27, p21, VEGF, MVD, Topo 1.

IV. METHODS

Each marker analysis will be performed in a coded manner independently of the standard
histopathologic assessment by two investigators at each participating site. Marker
expression will be evaluated for intensity of staining (weak, moderate, or strong) and
percent of cells positive, and will be recorded as continuous variables. The data will be
converted to high or low, positive or negative, defined as follows (based upon preliminary
studies sited in sections II and III, above): TS, high=mod. or strong staining in >25%; p53,
p21, positive=mod. or strong nuclear staining in >10%; p27, high=mod. or strong nuclear
staining in >50%; VEGF, high=mod. or strong in >50%; MVD, high=greater than 28 vessels
per 100X field. All IHC markers will thus have a binomial outcome.

A. Immunohistochemistry will be performed on deparaffinized, rehydrated 4-6 micron
sections of formalin-fixed tissue. Sections from positive and negative control tumors
(which have been analyzed previously for either, p53, p21, p27, TS, or VEGF and
found to be strongly positive or completely negative) and controls in the absence of
primary antibody will be utilized routinely. In certain cases (VEGF, p53,), microwave
antigen retrieval methods will be used. Details of the methods for TS, CD31, VEGF
and p27 staining have been published (133,141,116,76). Methods for analysis of p21
and p53 are given below.

B. MVD and p53 and p21, VEGF Immunohistochemistry: (3 slides for each parameter)
The tumor block will be cut in consecutive sections 5um thick. The sections will be
deparaffinized in xylene and rehydrated in a series of graded alcohols. The sections
will be treated with 0.3% hydrogen peroxide solution to exhaust endogenous
peroxidase activity. After microwave treatment, the sections will be preincubated in
1% bovine serum albumin in phosphate-buffered saline, and monoclonal antibodies
will be applied to the sections: D-07 (Dako; code M7001), which reacts with wt type
and mutant forms of human p53 protein, dilution 1:50, a mouse monoclonal antibody
(Pharmingen 15441A) which reacts with the p21 protein at a dilution of 1:50 or a
polyclonal antisera directed against VEGF 165 (Santa Cruz Antibodies). Biotinylated
rabbit anti-mouse antibody (DAKO; code E354) will be used as secondary antibody,
and the immunoreaction will be visualized by avidin-biotin complex. After a final
rinse in PBS, the tissues will be incubated with diaminobenzidine DAB substrate
(0.02% DAB, 0.005% hydrogen peroxidase) for 15 minutes and then will be
counterstained in hematoxylin 100% (GILL 11 formula) and mounted with glass
coverslips using permount. A positive and negative control (tumors with known p53
status) will be included in each batch of staining. For p53, the extent of the nuclear
reactivity will be classified: -: no reactivity; +/-: few focally positive cells;
+: heterogeneous nuclear reactivity. Only tumors that show >10% nuclear reactivity
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will be considered as demonstrating p53 alterations and tumors with >10% nuclear
expression of p21/WAF1/CIP1 will be considered as positive expression. MVD will be
determined in the leading edge of the tumor in an area of apparent highest vessel
density following anti-CD31 staining (141). The fraction of cells demonstrating
cytoplasmic staining for VEGF will be measured and recorded. Tumors with >10%
VEGF staining cells will be considered positive.

C. p27 Immunohistochemistry: (3 slides) Immunoperoxidase staining using rabbit
polyclonal antisera will be done by a standard 3-step technique using swine anti-
rabbit immunoglobulin as the bridging antisera and peroxidase-anti-peroxidase (PAP)
followed by antigen localization with diaminobenzidene (DAB) as previously
described (76). Slides will be counterstained with hematoxylin or methyl green.

D. Thymidylate Synthase (TS): (3 slides) Methods for thymidylate synthase quantitation
have been published previously (133,138).

E. DCC: LOH analysis for 18q will be measured as follows: Six (6) 10-micron thick
sections per patient will be cut from formalin-fixed paraffin-embedded tissues (also
5-micron thick sections on polylysine coated slides, for future IH studies). One slide
will be stained with hematoxylin/eosin for histopathological examination. The slides
will be stained with hematoxylin and eosin, dehydrated in graded ethanol, and then
dried without a cover glass. Regions containing at least 70 percent neoplastic cells
will be inked with a black marker (Sharpie, Sanford Corp., Bellwood, IL) under a
dissection microscope. The black marking ink will increase the density of the tissue
and keep it at the bottom of the tube after centrifugation. Tissues from 2 to 6 slides,

each containing a blackened region of tumor 0.2 to 1 cm2 in area will be scraped off
with a razor blade and transferred to a 1.5 ml Microfuge tube. Non-neoplastic tissue
from the same slide or from sections of adjacent normal colon will then be marked
and placed in another Microfuge tube. The collected tissue samples will be
deparaffinized in 400 ml of xylene for 15 minutes and pelleted by centrifugation at
10,000 x g for 2 minutes. After the xylene is removed by pipette, the tissues will be
heated at 58°C for 15 minutes to remove the remaining xylene and incubated
overnight at 58°C in a buffer containing 0.5M TRIS (pH 8.9), 210 mM EDTA, 10 mM
sodium chloride, 0.5 mg of proteinase K per milliliter, and 1 percent sodium dodecyl
sulfate. The samples will be boiled in a water bath for 10 minutes at 100°C, cooled to
room temperature, and then extracted twice with an equal volume of phenol and
chloroform, as previously described. DNA will be precipitated with ethanol and
dissolved in 30 ml of buffer containing 3 mM TRIS (pH 7.5) and 0.3 mM EDTA.

Oligonucleotide primers for microsatellite markers from the long arm of
chromosome 18 will be designed on the basis of published sequences. The following
dinucleotide-repeat markers and primers will be used in the prospective study:

D18S55, 5'GGGAAGTCAAATGCAAAATC3' and
5'AGCTTCTGAGTAATCTTATGCTGTG3; S18S58, 5'GCTCCCGGCTGGTTTT3' and
5'GCAGGAAATCGCAGGAACTT3' and 5'GCAGGAAATCGCAGGAACTT3'; D18S61,
5'ATATTTTGAAACTCAGGAGCAT3'; D18S64, 5'AACTAGAGACAGGCAGAA3' and
5'ATCAGGAAATCGGCACTG3'; and D18S69, 5'CTCTTTCTCTGACTCTGACC3' and
5'GACTTTCTAAGTTCTTGCCAG3'
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PCR-based dinucleotide-repeat assays will be carried out in 96-well plates for 30
cycles; each cycle will be carried out at 95°C for 30 seconds, 50°C for 1 minute, and
70°C for 1 minute, with primers end-labeled with P-labeled ATP to a specific activity
of more than 108 cpm per microgram of DNA and under the PCR conditions
previously described. Two volumes of stop buffer (95 percent formamide, 20 mM
sodium hydroxide, and 0.05 percent bromophenol blue and xylene cyanate) will be
added at the end of the amplification, and the samples will be loaded onto 7 percent
polyacrylamide gels containing 32 percent formamide and 5.6 M urea.

Determination of Chromosome 18q Status: We will define chromosome 18q loss as
the complete or partial loss of the long arm of chromosome 18. Loss of a chromosome
18q allele in a tumor will be considered to be present when the PCR assay of adjacent
non-neoplastic tissue showed heterozygosity of the microsatellite markers on the
long arm of chromosome 18, and the relative intensity of the two alleles in the tumor
DNA differed from the relative intensity in the non-neoplastic tissue DNA by a factor
of at least 1.5. When the loss of the allele was not obvious on visual inspection, the
intensities of the bands were quantitated with a PhosphorImager (Molecular
Dynamics, Sunnyvale, Calif.).

F. Microsatellite Instability: DNA will be extracted separately from slides of tumor-
containing and non-tumor-containing tissue. Primers for PCR amplification of the
variable length repeat segments recognized by probes D2S123, D2S119, D3S1029,
D10S197, AP3, BAT 25, BAT 26, D5S346, D17S250, and D1S158 will be obtained from
Perkin Elmer, Inc. These primers will be tagged with a fluorescent marker to allow
analysis of the PCR products using the Applied Biosystems 377 Automated Sequencer
with GeneScan and Genotyper Software. Standard PCR reaction of 35 cycles will be
performed for each primer pair. The products of PCR will be prescreened on an
agarose gel to insure amplification of target DNA and the absence of any non-specific
PCR products. The products will then be denatured, and run on a non-denaturing
high-resolution 10% polyacrylamide gel. RER positives are cases in which there are
differences in the band pattern between the DNAs from tumor and normal tissue from
the same person. The alterations generally involve additional CA-repeat bands, seen
as band shifting on the gels. Other changes, such as the loss of one or more bands
from tumor when compared with normal tissue from the same person, known as loss
of CA repeats, may also suggest mutations in mismatch repair genes. All positives
will be confirmed at least twice.

For analysis of results in this study, we will define RER+ according the NCI Workshop
Recommendations, i.e., for the following 5 loci: BAT 25, BAT 26, D5S346, D2S123,
and D17S250, >2 loci exhibiting instability will indicate MSI-H or RER+ tumors.
Instability will be defined as the presence of a band shift. Markers showing apparent
LOH only (without the presence of novel fragments) will be scored as negative.
Although they are not included in the international guidelines for evaluation of
MSI/RER in colorectal cancer, the remaining 5 loci described in the study are of
interest to our investigators because they were used in previous analyses of colorectal
tumors. These markers will be assessed as laboratory resources permit, and will not
be used to determine RER+ versus RER- for purposes of this study.
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V. STATISTICAL CONSIDERATIONS

1. Tracking Specimens and Data Collection

Labeled samples will be sent from CALGB's PCO to each laboratory. Laboratories will
be responsible for reporting the receipt of each sample and the corresponding results
on a monthly basis. Data will be accepted electronically at the CALGB Data
Management Center according to each laboratory's predetermined format. Software
will be written to allow uploading of this data to the CALGB Database.

2 Assessment of Inter-Rater Agreement

Raters in each laboratory will independently qualify marker expression according
to a well-defined scale containing K levels describing the results for each marker.
There will be two raters for each marker. A 25% random sample will be taken from
the first 200 tissue samples in order to estimate inter-rater agreement. A kappa
measure of agreement proposed by Kraemer will be used to estimate the agreement
between raters for each marker. The jack-knife method will be used to estimate the
agreement measure, k, and its variance. An approximate lower confidence bound for
k without the assumption of no agreement can be obtained using this method (142).
Thus, the existence of moderate to strong agreement can be determined. With 50
measurements, an agreement of 0.5 between raters can be detected with approximately
80% power. If agreement is deemed unacceptable we will institute further training and
continue to monitor agreement in the next 200 samples.

Similarly, immunohistochemistry at each laboratory will be monitored by the
CALGB PCO. If agreement is found to be unacceptable classification criteria will be
reviewed by both investigators. Agreement will continue to be monitored in
additional patients as necessary until agreement is determined to be acceptable. This
process can be repeated as required throughout the study.

3. Primary Objectives

Eighteen hypotheses will be tested using the proportional hazards model. The
relationship between each of nine markers, TS, p53, p21, p27, VEGF, MVD, 18q LOH,
MSI, Topo1 and time to recurrence and survival will be assessed controlling for other
predictive baseline characteristics. The familywise error rate will be controlled for
independently for each outcome.

4. Survival Analysis Methodology

The Cox proportional hazards model (143) will be used to determine the association
between each marker (TS, p53, p21, p27, VEGF, MVD, 18qLOH, MSI, Topo1) and time
to recurrence and survival controlling for other baseline factors such as age, gender,
treatment, primary tumor site, degree of differentiation. Time to recurrence will be
measured from time of resection until documented disease progression. Preliminary
data suggest that very large differences exist in time to recurrence with respect to the
presence or absence of certain markers (Specifically, TS, p53, p27, 18q LOH, MSI)
(Preliminary Studies.).

Table A-5 (below) provides detectable differences and associated power by varying
numbers of samples studied for three markers under investigation. In all examples
the assumed prevalence and median survival and time to recurrence for the higher
risk group are based on preliminary data in stage II/II-III colon cancer patients as
described in Section II. Power estimates are based on a one-sided logrank test at
significance level 0.006. Exponential distributions are assumed for survival and time
to recurrence with 450 patients accrued over 2.8 years and followed an additional 3
years. The examples cover a range of possible outcomes. For markers with prevalence
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from 0 to 30% or 70% to 100% larger samples are required to detect the same hazard
ratio than for markers with prevalence in the range of 30% to 70%. (144,145)

TABLE A-5

Table of Detectable Differences and Associated Power by Numbers of Samples
Studied for Low TS, p27 Overexpression, p53 Overexpression

Marker
(prevalence)

Detectable
Hazard Ratio

Median*
(years)

No. Samples
(% total)

Power

low TS
(64%)

1.39

1.50

1.50

1.70

1.78 945 (75)

945 (75)

630 (50)

315 (25)

0.93

0.99

0.92

0.80

p27
overexpression
(10%)

1.70

2.00

2.00

2.20

5.75 945 (75)

945 (75)

630 (50)

630 (50)

0.62

0.88

0.68

0.80

p53
overexpression
(40%)

1.50

1.80

2.15

6.00 945 (75)

630 (50)

315 (25)

0.79

0.91

0.80

* Median is median time to recurrence in years for low TS and survival in years for p27 and
p53 overexpression.

Graphical techniques and formal tests such as those proposed by Cox, Schoenfeld and
Anderson will be used to assess validity of assumptions and goodness of fit of the
proportional hazards model (146-148). At the time of analysis, we will investigate
potential differences in disease free interval and survival outcomes between patients
with missing specimens and those who provided specimens to determine if a bias is
present. The role of other factors potentially associated with outcome such as TNM
stage, primary tumor site, degree of differentiation and presence of nodal metastases
will be considered. (Associations between prognostic markers and stage-related and
grade-related clinical variables will be investigated in an exploratory analysis. See
below.) If there is an apparent bias, we will analyze patients with and without
missing specimens separately. Once the "best" model with respect to baseline factors
is determined, each of the nine markers will be tested individually for association
with time to recurrence and survival. In each case, the p-value associated with the
change in the log likelihood ratio will be used to test if the addition of the new
marker adds significantly to the overall goodness of fit according to the procedure of
Hochberg (149). This procedure will be used to control the familywise error rate for
testing the nine hypotheses for each outcome, time to recurrence and survival. An
overall significance level of alpha=0.05 will be used. The p-values associated with
each of the nine tests will be ordered and compared sequentially with the following
values beginning with the largest p-value, 0.05, 0.025, 0.016, 0.0125, 0.010, 0.0083,
0.0071, 0.0062, 0.0056. If a given p-value is found to be less than its corresponding
level, the associated hypothesis and all remaining hypotheses will be rejected.

5. Multiple Comparisons

Controlling the familywise error rate will be a concern. An attempt to control this
error rate will be made for the primary objectives, i.e., assessing the relationships
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between each marker and time to recurrence and survival. In the exploratory data
analysis, p-values will not be emphasized.

6. Exploratory Data Analysis

An exploratory analysis will investigate: 1) the validity of the normality assumption
for each marker; 2) the potential inter-relationships among markers; 3) whether
interactions among the expression of tumor markers identify subsets of patients with
significantly altered outcome.

Graphical methods such as box plots, stem and leaf plots, histograms and q-q plots
will be used to describe the probability distribution of each marker. When appropriate
these will be based on continuous outcome measures. Transformations may be used
to achieve normality. Joint distributions will also be considered. For example,
preliminary data has suggested that p53 and TS expression are highly associated.
With a sample size of 300 specimens a correlation of 0.2 could be detected with an
approximate power of 0.80 testing at significance level, alpha=0.006.

In general, methods of determining the relationships among markers will be guided
by the underlying distributions. Categorical and nonparametric methods will be used
as indicated. Graphical methods will also be used to illustrate the relationships
between markers. If appropriate, i.e., the assumption of multivariate normality
appears to be justified, methods such as principal components and regression will be
used to describe relationships among markers. Principal components will be used to
identify specific markers or groups of markers that may describe underlying factors
and regression analysis will be used to determine the linear relationships between
markers.

Non-parametric exploratory methods will include the use of classification and
regression trees (CART). The primary goal in using CART would be to test whether
markers can be sequenced into a prognostic tree, with an aim at reducing the overall
number of marker evaluations necessary on individual patients to obtain a good
predictive model. At the same time, CART has the potential to reveal complex marker
interactions and, using data available on patients without sample submissions, may
allow for the evaluation of the prognostic ability of demographic and/or other
clinical data as surrogate measures for tissue markers.

Associations between prognostic markers and stage-related and grade-related clinical
variables will also be investigated. Once these associations and the inter-
relationships among markers have been identified, we will investigate their
prognostic significance with respect to outcome.

VI. TISSUE MICROARRAY ANALYSIS (TMA) PRODUCTION

1. Background

The first concept of a multicore tissue block was described in 1986 by Battifora to test
new antibodies by IHC. This concept has been further refined through Tissue
Microarray Analysis (TMA) described by Kononen et al in 1998 which is a high-
throughput technique that enables the analysis of hundreds of specimens, by
arranging up to 1,000 samples of 0.6 mm tissue core biopsy specimens taken from
donor blocks into a single paraffin block. Sections are then cut from TMA blocks
using standard microtomes. This technique is optimally suited for large scale
molecular profiling projects and can be applied to all kinds of in situ analyses.

Several different TMAs may be manufactured and employed in a broad range such as
determining the prevalence of genetic alterations in tumors, progression studies to
find associations between gene or protein alterations and different tumor stages and
prognostic studies in tumor samples with available clinical follow-up data. Thus, it
is ideal in a study setting where there is a large collection of well-characterized
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tissues with attached clinical data, as it is in our study, to analyze promising
molecular markers for their prognostic significance.

Validation studies have been done to evaluate the representativeness of small disks
(0.6 mm in diameter) taken from the original tissue by comparing
immunhistochemistry findings on TMAs versus the corresponding standard whole
tissue sections. The vast majority have shown a concordance rate of 98-99% of the
results. The number of cores required to adequately represent the expression of a
marker has also been evaluated. In general, these studies found that two or three core
samples provided more representative information than a single sample and that
adding more than four or five samples would not lead to a massive improvement in
the concordance level [137].

2. Rationale

Large scale molecular profiling of cancer specimens is slow and tedious when
traditional methods of molecular pathology are used. Also, cutting traditional tissue
sections for a multitude of molecular tests for genes of interest would easily exhaust
valuable tissue resources. The use of tissue microarray technology offers to overcome
these impediments by taking up to 1000 different minute tissue samples to be put into
one glass slide and simultaneously analyzed by in situ methods such as
immunhistochemistry. As this method enables the analysis of hundreds of cases with
the amount of reagents usually used for one case, this technique will be both cost-
efficient and time-saving. Published studies claim that this also offers an
unprecedented degree of standardization as the tissue samples are subjected to the
same experimental conditions and batches of reagents [137]. Other advantages would
be that the interpretation of small areas of 0.6 mm is easier since the heterogeneity
and staining artifacts at borders of whole sections are eliminated. Punches of 0.6 mm
also minimize tissue damage on these donor blocks so that they can still be used for
other studies [138].

TMAs will optimize the use of the collected histopathologically well-defined tissue
samples in this study with attached clinical data, for current and future applications.
Currently, there is a limited availability of TMA sections from various sources both
commercial and academic especially with attached clinical follow-up, which is
insufficient to cover demands for collaborations. However, the number of institutions
manufacturing TMAs is increasing and it is expected that virtually all institutions
dealing with tissue analyses will be using TMAs in the future.

3. Methods and Procedures

One block representative for a tumor specimen per case will be used. Under the
microscope, areas of interest from the H&E whole section of the donor block, non-
necrotic areas rich in tumoral glands will be marked accurately. The selection of
large tumoral areas in the donor block is important to avoid nonevaluable disks. A
map of the receiver block will be prepared with coordinates for each sample to
correctly identify the tumors. A tissue microarrayer will be used to punch out 3 cores
of 0.6 mm diameter from each donor block and positioned in the recipient paraffin
array block, in smaller holes of 0.4 mm for best adhesion of the samples to the array
block. Additional cores greater than 3 will be determined by pathology review.
Approximately 432 cores make up one block, so therefore 144 patients or cases can
be placed per TMA block. The array blocks will then be incubated 30 minutes at 37
degrees centigrade to improve adhesion between cores and paraffin of the recipient
block. These blocks will be cut at room temperature with a standard microtome and
processed according to the study protocol.
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APPENDIX II

Data Collection Forms

C-584 GI Adjuvant Intergroup On-Study Form

C-447 CALGB Sample Tracking Form--Blocks

C-586 CALGB GI Adjuvant Treatment Form

C-528 CALGB 89803 Toxicity Form

C-585 CALGB GI Adjuvant Follow-up and Recurrence Form

C-300 CALGB: Off Treatment Notice

C-215 CALGB Secondary Malignancy Form

C-113 CALGB Notification of Death Form

C-260 CALGB Remarks Addenda
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APPENDIX III

Clinical Trials Agreement (CTA) Language
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The agent (hereinafter referred to as “Agent”), CPT-11 (irinotecan), used in this protocol
is provided to the NCI under a Clinical Trials Agreement (CTA) between Pharmacia-
UpJohn (hereinafter referred to as “Collaborator”) and the NCI Division of Cancer
Treatment, Diagnosis and Center. Therefore, the following obligations/guidelines apply
to the use of the Agent in this study:

1. Agent may not be used outside the scope of this protocol, nor can Agent be transferred
or licensed to any party not participating in the clinical study. Collaborator data for
Agent are confidential and proprietary to Collaborator and should be maintained as
such by the investigators.

2. For a clinical protocol where there is an investigational Agent used in combination
with (an)other investigational Agent(s), each the subject of different CTAs or CRADAs,
the access to and use of data by each Collaborator shall be as follows (data pertaining
to such combination use shall hereinafter be referred to as “Multi-Party Date”):

a. NCI must provide all Collaborators with written notice regarding the existence and
nature of any agreements governing their collaboration with NIH, the design of the
proposed combination protocol, and the existence of any obligation which would
tend to restrict NCI’s participation in the proposed combination protocol.

b. Each Collaborator shall agree to permit the use of the Multi-Party Data from the
clinical trial by any other Collaborator to the extent necessary to allow said other
Collaborator to develop, obtain regulatory approval or commercialize its own
investigational Agent.

c. Any Collaborator having the right to use the Multi-Party Data from these trials
must agree in writing prior to the commencement of the trials that it will use the
Multi-Party Data solely for development, regulatory approval, and
commercialization of its own investigational Agent.

3. The NCI encourages investigators to make data from clinical trials fully available to
Collaborator for review at the appropriate time (see #5). The NCI expects that clinical
trial data developed under a CTA or CRADA will be made available exclusively to
Collaborator, and not to other parties.

4. When a collaborator wishes to initiate a data request, the request should first be sent
to the NCI, who will then notify the appropriate investigators (Group Chair for
cooperative group studies, or PI for other studies) of Collaborator’s wish to contact
them.

5. Any data provided to Collaborator must be in accordance with the guidelines and
policies of the responsible Data Monitoring Committee (DMC), if there is a DMC for
this clinical trial.

6. Any manuscripts reporting the results of this clinical trial should be provided to CTEP
for immediate delivery to Collaborator for advisory review and comment prior to
submission for publication. Collaborator will have 30 days from the date of receipt for
review. An additional 30 days may be requested in order to ensure that confidential
and propriety data, in addition to Collaborator’s intellectual property rights, are
protected. Copies of abstracts should be provided to Collaborator for courtesy review
following submission, but prior to presentation at the meeting or publication in the
proceedings. Copies of any manuscript and/or abstract should be sent to:

Regulatory Affairs Branch, CTEP, DCTDC, NCI
Executive Plaza North, Room 718
Bethesda, Maryland 20892
Fax 301-402-1584

The Regulatory Affairs Branch will then distribute them to Collaborator.
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APPENDIX IV

A PROSPECTIVE STUDY OF DIET AND OTHER LIFESTYLE FACTORS AMONG PATIENTS WITH
STAGE III COLON CANCER

A COMPANION STUDY TO CALGB 89803

Charles Fuchs, M.D. Dana Farber Cancer Institute
44 Binney St.
Boston, MA  02115
Phone: (617) 632-2225

I. BACKGROUND

In 1999, approximately 132,000 Americans are expected to develop colorectal cancer, and
55,000 individuals will die from the disease (1). Epidemiologic and scientific research
indicate that diet and other lifestyle factors have a significant influence on the risk of
developing colon cancer. Consumption of red meat (2,3), alcohol (4,5), calcium (6), fiber (7),
and folic acid (4,5,8,9), obesity, physical activity (10-12), and cigarette smoking (13,14) are
among factors that have been suggested to influence the risk of developing colorectal
cancer.

Little is known about the influence of diet and other factors on the outcome for
individuals with established colon cancer. Randomized clinical trials demonstrate a
significant survival advantage among individuals with stage III colon cancer who receive
adjuvant fluorouracil-based chemotherapy. Nonetheless, 40-45% of stage III patients
receiving current adjuvant chemotherapy will develop metastases. Patients often seek to
understand what, if any, diet and lifestyle changes will reduce their chances of recurrence
of colon cancer as well as the potential toxicities associated with adjuvant therapy. In
conjunction with this treatment trial of patients with stage III colon cancer, we propose
the following specific aims:

II. SPECIFIC AIMS

1. To prospectively assess the influence of diet, body mass index, and physical activity
on the risk of cancer-recurrence and survival among patients with stage III colon
cancer.

2. To assess the influence of diet, obesity, and physical activity on the risk of toxicity
associated with adjuvant therapy.

3. In exploratory analyses, we also propose to assess whether the influence of adjuvant
therapy on the risk of cancer-recurrence is modified by dietary habits. In addition,
we will explore the interaction of diet and molecular markers within tumors on the
prognosis of patients with stage III colon cancer.
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III. HYPOTHESES

As part of our analysis to prospectively assess the influence of diet, body mass index, and
physical activity on the risk of cancer-recurrence and survival among patients with stage
III colon cancer, we will address the following hypotheses:

1. Regular physical activity and avoidance of obesity reduce the risk of cancer-
recurrence and mortality.

Sedentary life-style and obesity are each associated with an increased risk of
developing colon cancer. Among several studies, the most physical active participants
experienced a 50 percent reduction in risk (relative risk = 0.50) (10-12). Both factors
appear to act late in the pathway of colon carcinogenesis. Moreover, recent
observations indicate that each factor may be mediated by enhancing levels of
Insulin-like Growth Factors, known trophic hormones for colon carcinogenesis
(15,16). No study has assessed the influence of sedentary life-style and obesity among
patients with established colon cancer.

2. Increased red meat and animal fat consumption increase the risk of cancer-recurrence
and mortality.

Increased red meat intake is associated with an increased risk of developing colon
cancer. Among participants in the Nurses’ Health and Health Professionals Follow-up
Study, the highest consumers of red meat experienced a 2.75 to 3.5 fold increase in
risk (1-3). No study has assessed the influence of red meat among patients with
established colon cancer.

3. Regular aspirin use (greater than two 325 mg tablets per week on average) reduces the
risk of cancer-recurrence and mortality.

Regular aspirin use (greater than two 325 mg tablets per week on average; coded as yes
or no) has been associated with 40% reduction in the risk of developing colon cancer
and adenoma (17-20). No study has assessed the influence of aspirin among patients
with established colon cancer.

4. Increased vitamin E intake (coded in quintiles; with and without supplements) reduces
the risk of cancer-recurrence and mortality.

Recent studies suggest that vitamin E may enhance the cytotoxicity of 5-fluorouracil
on colon cancer cells. Chinery et al. observed that the antioxidants
pyrrolidinedithiocarbamate and vitamin E induced apoptosis in colorectal cancer
cells (21). This effect was mediated by induction of p21WAF1/CIP1, a powerful
inhibitor of the cell cycle, through a mechanism involving C/EBPbeta (a member of
the CCAAT/enhancer binding protein family of transcription factors), independent
of p53. Antioxidants significantly enhanced colorectal cancer tumor growth
inhibition by 5-fluorouracil in vitro and in vivo. To date, no prospective studies have
assessed this relation in the adjuvant setting.

5. Increased folate intake reduces the risk of cancer-recurrence and mortality.

Studies suggest that increased intake of fruits and vegetables reduces the risk of
developing colon cancer, possibly mediated through the folic acid content in fruits
and vegetables(1)  Recent studies show that increased folic acid intake reduces the risk
of developing colon cancer by more than 40% (4,5,8,9). No study has assessed the
influence of folate intake among patients with established colon cancer.
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In further exploratory analyses, we will also consider looking at the relationship between
calcium, vitamin D, fiber and alcohol intake, as well as smoking, on the risk of cancer-
recurrence and mortality.

IV. METHODS

Patients will be given a 131-item validated, food-frequency questionnaire midway through
their adjuvant therapy (four months following surgical resection) and then at six months
after completion of adjuvant therapy (14 months following surgical resection). The
questionnaire, designed by Willett and colleagues for the Nurses’ Health Study, has been
extensively validated among both health professional and lay populations and provides
comprehensive data on over 100 micro-nutrients, with and without supplement use. This
questionnaire will be self-administered. Patients are to complete the questionnaire at
their follow-up appointments and return the questionnaire before leaving the office.

Within the questionnaire, a series of questions about leisure-time physical activity that
have also been validated in large populations will also be included. Height and weight will
also be obtained as part of the adjuvant therapy.

Validation of the Semi-quantitative Food Frequency Questionnaire

The current version of the questionnaire consists of 131 food items plus vitamin and
mineral supplement use that collectively account for over 90% of the intake of the
nutrients assessed (22-24). For each food, a commonly used unit or portion size (e.g., one
egg or slice of bread) is specified, and participants are asked how often, on average over
the past year, they consumed that amount of each food. There are nine possible responses,
which range from never to six or more times per day. Nutrient intakes will be computed
by multiplying the frequency of consumption of each food by the nutrient content of the
specified portions, using composition values from Department of Agriculture sources
supplemented with other data, including the components of specific vitamins and
breakfast cereals. All nutrients will be adjusted for total energy intake by the residuals
method (25).

In 1980, the food frequency questionnaire was administered twice to 173 individuals at
an interval of approximately one year, and four one-week diet records for each subject
were collected during that period. Diet records probably are the best measures of current,
short-term food intake. Since the seven-day record provides information for a relatively
short period of time, four one-week diet records in different seasons were collected. The
mean calorie adjusted intakes from the four one-week diet records and those from the
questionnaire were well-correlated (22-24). In the 1986 diet validation study, the
correlation between folate calculated from the semi-quantitative food frequency
questionnaire (SFFQ) and red cell folate level was 0.55 (4). Nutrients calculated from the
expanded SFFQ were correlated with other corresponding biochemical indicators: plasma
beta-carotene (r  = 0.30-0.42) (26,27), plasma vitamin E (r  = 0.41-0.53) (26,27), adipose
linoleic acid (r  = 0.35-0.37) (28,29), adipose trans fatty acid (r  = 0.51) (28,29), and adipose
N-3 fatty acids (r  = 0.48-0.49) (28,29).

To evaluate further the capability of the revised 131-item questionnaire to discriminate
among subjects, we asked 127 individuals to complete two weeks of diet records and the
semi-quantitative food frequency questionnaire in 1986. The mean calorie adjusted
intakes from the diet records and those from the questionnaire were well-correlated (24).
The correlation between folate intake on the questionnaire and the measured erythrocyte
folate level was statistically significant.

These data indicate that the self-administered dietary questionnaires provides highly
informative and biologically relevant measurement of a wide variety of nutrients, thus
allowing one to address the dietary hypotheses outlined in the specific aims.

A detailed validation study was conducted of the physical activity questionnaire among
a sample of 325 participants in the parallel Nurses’ Health Study II (NHS II) (241 random
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cohort sample and 84 random sample of African American participants) (30). Participants
completed four 1-week activity recalls and four 7-day activity diaries over one year and
then repeated the NHS II activity questionnaire. For the total activity score, the
correlations of the last activity questionnaire with the diaries was 0.64 for the total
cohort sample and 0.59 for the African American sample. Within the Health Professionals
Follow-up Study, a parallel study of men, validity of the physical activity questionnaire
was assessed among 238 randomly selected participants by comparisons with four 1-week
activity diaries, four 1-week activity recalls, and resting and post exercise pulse rates.
Correlations with the activity diaries were 0.41 for inactivity (sitting) and 0.58 for
vigorous physical activity. Vigorous activity assessed by the questionnaire was correlated
with resting pulse (r  = -0.45) and post-exercise pulse (r  = -0.41). Further, the same measure
of recent activity was shown to be predictive of colon cancer in women (12), and men
(10,11), and diverticular disease (31), and gallstones (32) in men.

V. ANALYSIS

The influence of various dietary constituents on the rate of recurrence and survival among
these patients will be assessed. Among the factors we propose to assess include: intake of
red meat, calcium, vitamin D, alcohol, fiber, vitamin E, other anti-oxidants, methionine,
and folic acid. We will also look at the influence of body mass index and physical activity
on the outcome of these patients. We will principally use the questionnaire data provided
at 14 months after surgical resection (6 months after completion of adjuvant therapy) for
our analysis. We will secondarily use the data obtained during adjuvant therapy.

We will also assess the influence of diet and other factors on toxicities associated with
adjuvant therapy. We will principally use questionnaire data obtained during adjuvant
therapy for this analysis.

Lastly, we will explore the interaction of diet and other factors with various molecular
markers (see Methods) on the outcome of patients with stage III colon cancer.

VI. STATISTICAL CONSIDERATIONS

The impact of the following dietary variables on colon cancer progression and toxicity
will be assessed at two timepoints: 1) regular physical activity and avoidance of obesity;
2) increased red meat and animal fat consumption; 3) regular aspirin use; 4) increased
vitamin E intake; 5) increased folate intake.

Progression will be measured from trial entry until documented progression of disease or
death from any cause. Patients will be followed for recurrence and survival for 7 years
after the end of treatment (Section 13.3). Toxicity will be measured using two endpoints:
1) the proportion of patients experiencing Grade 3 or greater diarrhea; 2) the proportion
of patients experiencing Grade 3 or greater neutropenia. Patients will be surveyed at 4 and
14 months post surgical resection. Results at each of the two timepoints will be compared
descriptively.

The median survival in this patient population treated with adjuvant 5FU/LV is assumed
to be 8 years. We, therefore, expect that approximately 97% and 90% of patients will
survive 4 months and 14 months post surgery, respectively. One thousand two hundred
and sixty (1,260) patients will be randomized on this trial in 2.8 years and followed an
additional 3.0 years. Analysis of the diet and lifestyle questionnaires will occur
approximately 5.8 years after study activation. The approximate 3-year recurrence rate
in this patient population is assumed to be 35%.

Patients will be asked to complete the self-administered questionnaire at the given times
post surgery. Responses to the questionnaire will be dichotomous or assumed to have an
underlying continuous distribution summarized using quintiles.

Power Estimation
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Power estimation is based on proportions of patients progression-free at 3 years,
univariate tests of hypothesis testing at significance levels 0.01 and 0.05 and hypothetical
results according to three of the five primary hypotheses. Table B1 provides power
estimates for testing the impact of regular aspirin use, expressed as a dichotomized
variable, on progression at 3 years (Hypothesis 3.).

TABLE B1

Power to detect a 3-year difference in progression of 0.125 in magnitude (0.375 for non-regular
aspirin users versus 0.25 for regular aspirin users) with 20% of patients responding ‘yes’ to

regular aspirin use (1-sided chi-square test at significance levels 0.01 and 0.05) by numbers of
patients responding to survey.

Significance level

0.01 0.05

N

1134 0.83 0.98

1000 0.77 0.97

800 0.65 0.93

600 0.50 0.85

For variables expressed as quintiles power was estimated for testing the null hypothesis
of independence versus the alternative of a linear trend in the 3-year progression rate over
quintiles. An alternative hypothesis for red meat consumption is illustrated in Table B2.
These differences correspond to a maximum odds ratio (5th quintile versus 1st) of 2.47.
Power estimates to detect this alternative for several sample sizes are given in Table B3
(Hypothesis 2.).

TABLE B2

Quintile

1st 2nd 3rd 4th 5th

Recurred 0.05 0.06 0.07 0.08  0.09 0.35

Not Recurred 0.15 0.14 0.13 0.12  0.11  0.65
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TABLE B3
Power to detect a linear trend in 3-year progression over red meat consumption expressed in

quintiles (significance levels 0.01 and 0.05) by numbers of patients responding to survey.

Significance level

0.01 0.05

N

1134 0.85 0.95

1000 0.78 0.92

800 0.65 0.84

600 0.48 0.71

Power for the toxicity endpoint, Grade 3 or greater neutropenia, was computed within
treatment group. Based on previously reported data we expect approximately 35% and 7%
of patients receiving CPT-11/5FU/LV and 5FU/LV alone, respectively, to experience Grade
3 or greater neutropenia. Table 4 provides power estimates to detect a difference of 0.17
in magnitude in Grade 3+ neutropenia between patients CPT-11/5FU/LV who are obese and
those who are not (CPT-11/5FU/LV arm). Forty percent (40%) of patients are assumed to
be obese (33). Comparable power is achieved to detect a difference of 0.095 in magnitude
(0.03 for non-obese patients versus 0.125 for obese patients) for patients receiving 5FU/LV
alone (Hypothesis 1.).

TABLE B4
Power to detect a toxicity difference (Grade 3+ neutropenia) of 0.17 in magnitude (0.28 for non-
obese patients versus 0.45 for obese patients) with 40% of patients meeting obesity criteria (1-
sided chi-square test at significance levels 0.01 and 0.05) by numbers of patients responding to

survey

Significance level

0.01 0.05

N

570 0.69 0.87

500 0.62 0.82

400 0.50 0.73

The Cox model will be used to explore the simultaneous effect of these variables on
recurrence and survival. Logistic regression will be used to explore the relationship
between the study variables and toxicity outcomes. Exploratory analyses will also
consider the relationships between other dietary factors such as calcium intake, vitamin
D, fiber, alcohol intake and smoking habits on the risk of recurrence, toxicity and
mortality. Models incorporating both dietary and molecular markers will be studied.
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Expanded Participation Project (EPP) Instructions

1.0 EPP RANDOMIZATION AND REGISTRATION PROCEDURES

I. EPP institutions will register a patient on-line through the Clinical Trials
Management Unit (CTMU). Questions pertaining to eligibility criteria should be
directed to the CTMU, medical questions should be directed to the Study Chair.

II. A signed HHS 310 form documenting the Institutional Review Board (IRB) approval for
this study must be on file at the CTMU before the EPP institution can enter a patient.
IRB approval date must be less than one year prior to the date of registration.

III. Once eligibility is confirmed, the CTMU will contact CALGB to randomize the patient.
The CTMU will notify the institution by an email upon successful enrollment with
CALGB. In addition CALGB will forward confirmation of randomization and
treatment assignment to the CTMU for routing to the participating institutions. Please
check for errors, and submit any corrections on-line to the CTMU.

2.0 EPP DATA SUBMISSION

Data must be submitted electronically directly to the CTMU according to the following
schedule:

FORM TIME OF SUBMISSION

1. CALGB 89803 Eligibility Checklist At registration

2. CALGB 89803 GI Adjuvant
Intergroup On-Study Form (C-584)

(Prestudy Radiologic, Operative and
Pathology Reports*)**

Within 1 week of registration

3. EPP Pathology Submission Form** Within 1 month of registration

4. EPP Toxicity Form Months 1, 2, 3, and every three months while
on protocol therapy

5. EPP Follow-up Form** Every 3 months while on protocol treatment
and every 6 months after completion of
protocol treatment until death

6. EPP Recurrence Form At the time of recurrence

7. EPP Chemotherapy/
Immunotherapy/Hormonal Therapy
Form

At the completion of protocol therapy

8. EPP Off-Treatment Form** At the completion of all protocol therapy

9. EPP Notice of Secondary
Malignancy Form

Within 10 days of diagnosis

10. EPP Death Form Within 7 days of knowledge of event

* A copy of the documents must be faxed to the CTMU Attn: EPP Protocol Monitor 301-
299-3991

** These forms are to be submitted according to the above schedule for all patients who
never started treatment.
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3.0 EPP PATHOLOGY SUBMISSION

The following materials will be required for each patient entered on the study (refer to
section 6.7 of the protocol for details):

• At least one (three if possible) paraffin embedded block (s) with REPRESENTATIVE
TUMOR

• One paraffin embedded block with NORMAL COLONIC MUCOSA OR UNINVOLVED
LYMPH NODE

The above samples must be properly identified with patient’s name and institution,
CALGB patient number and CALGB protocol number (this information will be listed
on the EPP Pathology Submission Form)

• EPP Pathology Submission Form can be printed upon on-line submission using CTL-P
buttons.

• A copy of the responsible pathologist’s pathology report from the TREATING
institution, and, if applicable, the REFERRING institution.

• A copy of the operative report

The required materials must be submitted within 1 month of patient registration to:

CALGB Pathology Coordinating Office
The Ohio State University
B054 Graves Hall
333 West 10th Avenue
Columbus, OH 43210-1239
Phone:  (614) 688-3495
Fax: (614) 292-5618
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4.0 EPP ADVERSE DRUG REACTIONS

For EPP Institutions, all ADRs are to be faxed to the CTMU (Attn: EPP Protocol Monitor
301-299-3991) using the Adverse Reaction (ADR) Form for Investigational Drugs. These
reports will be reviewed and directed to CALGB and appropriate regulatory offices. ADR
reporting is based on the revised NCI Common Toxicity Criteria (version 2.0). ADRs will
be faxed to the CTMU based on the following adverse event reporting requirements table:

AGENTS GRADE

1 2 3 4 5

Investigational Agents
Expected AE ----- ------ ----- ADR* ADR

Investigational Agents
Unexpected AE ----- ADR ADR 24hr/ADR 24hr/ADR

Commercial Agents
Expected AE ----- ------ ----- ------ ------

Commercial Agents
Unexpected AE ----- ------ ----- ADR ADR

ADR = Adverse Drug Reaction Report (within 7 days)
24 hr = Reported to the CTMU within 24 hours
* Grade 4 hematosuppression does not have to be reported for agents known and expected

to cause hematosuppression at the dose used.

ADR reports should be submitted via fax within 7 days of the event. These will be
forwarded to the NCI and the Coordinating Group within 3 working days. All ADRs should
be reported to the local IRB.

For commercially available drugs, written reporting of any increased incidence of a
known ADR is also required in addition to grade 4 and 5 toxicities.

All toxicities, including those with separate reporting requirements described above, must
be reported on the Toxicity Form. Deaths are required to be reported via the Death Form
within 7 days of knowledge of the event.

5.0 EPP SECONDARY MALIGNANCY REPORTING

Investigators are required to report secondary malignancies occurring on or following
treatment on NCI-sponsored protocols using commercial drugs. Reporting of cases of
secondary AML/MDS is to be performed using the NCI/CTEP Secondary AML/MDS Report
Form. This form should be used in place of DCT Adverse Reaction (ADR) Form for
reporting this toxicity. All other secondary malignancies should be reported using the
form; DCT Adverse Reaction Form. The EPP Notice of Secondary Malignancy must also
be completed for all cases of secondary malignancy.
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PATHOLOGY PRACTICE GUIDELINES* FOR CALGB
INVESTIGATORS

CARCINOMA OF THE COLON AND
RECTUM

Edited by
Carolyn C. Compton, M.D., PhD.

Chairman, Surgical Pathology Committee

* These guidelines have been developed by the Cancer Committee of the College of American Pathologists (CAP) and
have been published in the Archives of Pathology and Laboratory Medicine.  They represent CAP policy and have been
adapted for CALGB use by the Surgical Pathology Committee of the Pathology Core of the CALGB with the
permission of the CAP.

1999 College of American Pathologists. All rights reserved. None of the content of this publication
may be reproduced, stored in a retrieval system, or transmitted in any form or by any means (electronic,
mechanical, photocopying, recording, or otherwise) without prior written permission of the publisher.
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COLON
AND

RECTUM
Pathology Practice Guidelines for CALGB Investigations

Protocol applies to all carcinomas of the colon, and rectum.
Carcinoid tumors, lymphomas, sarcomas and tumors of the vermiform

appendix are excluded.

Procedures:

Incisional Biopsy
Excisional Biopsy, Polypectomy

Local Excision (Transanal Disk Excision)
Resection

Author
Carolyn C. Compton, M.D., Ph.D.

Task Force Members and Contributors
Harold E. Bowman, M.D., L. Peter Fielding, M.D., Rodger C. Haggitt, M.D.,

Gerald E. Hanks, M.D., Donald Earl Henson, M.D., Robert V. P. Hutter, M.D., Kenneth D. McClatchey,
M.D.,D.D.S., Mary L. Nielsen, M.D., Ali Qizilbash, M.D., Robert R. Rickert, M.D., Leslie H. Sobin, M.D.,

Charles R. Smart, M.D., Steven Sternberg, M.D.,
Sidney Winawer, M.D., David Winchester, M.D.,

1999  College of American Pathologists. All rights reserved. None of the content of this publication
may be reproduced, stored in a retrieval system, or transmitted in any form or by any means (electronic,
mechanical, photocopying, recording, or otherwise) without prior written permission of the publisher.
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COLON AND RECTUM

Incisional (Endoscopic) Biopsy

CLINICAL INFORMATION

Patient identification
Name
Identification number
Age (birth date)
Gender

Responsible physician(s)

Date of procedure

Other clinical information
Relevant history

- previous colon adenoma(s)/carcinoma(s)
- familial adenomatous polyposis syndrome
- hereditary non-polyposis colon cancer syndrome
- familial hamartomatous polyposis syndrome
- inflammatory bowel disease

Relevant findings (e.g., colonoscopic and/or imaging studies)
Clinical diagnosis (e.g., Crohn’s disease)
Procedure (e.g., colonoscopic biopsy)
Operative findings
Anatomic site(s) of specimen(s)

MACROSCOPIC EXAMINATION

Specimen
Unfixed/fixed (specify fixative)
Number of pieces
Largest dimension of each piece
Description of other tissues (as appropriate)

Submit entire specimen for microscopic evaluation

Special studies (specify) (e.g., histochemistry, immunohistochemistry, morphometry, DNA analysis [specify type],
cytogenetic analysis)
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MICROSCOPIC EVALUATION

Tumor (Note A)
Histologic type (Note B)
Histologic grade (Note C)
Extent of invasion, as appropriate

Additional pathologic findings, if present
Colitis
Adenoma
Other(s)

Results/status of special studies (specify)

Comments
Correlation with other specimens, as appropriate
Correlation with clinical information, as appropriate
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COLON AND RECTUM

Excisional Biopsy, Polypectomy

CLINICAL INFORMATION

Patient identification
Name
Identification number
Age (birth date)
Gender

Responsible physician(s)

Date of procedure

Other clinical information
Relevant history

- previous colon adenoma(s)/carcinoma(s)
- familial adenomatous polyposis syndrome
- hereditary non-polyposis colon cancer syndrome
- familial hamartomatous polyposis syndrome
- inflammatory bowel disease

Clinical diagnosis
Procedure (e.g., polypectomy)
Operative findings
Anatomic site(s) of specimen(s)

MACROSCOPIC EXAMINATION

Specimen
Tissue(s) included
Unfixed/fixed (specify fixative)
Number of pieces
Dimensions
Orientation (if indicated by surgeon)
Descriptive features (e.g., color, consistency)

Polyp
Configuration (e.g., pedunculated, sessile)
Size (three dimensions)
If pedunculated, length of stalk (margin of stalk may be inked)
Dimension of carcinoma (diameter), if possible
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Tissue(s) submitted for microscopic evaluation
Transverse (coronal) section(s) through polyp, include:

- polyp apex and stalk or base in same section, if possible
- carcinoma, point of deepest invasion
- longitudinal section of polyp stalk (as appropriate)

Special studies (specify) (e.g., histochemistry, immunohistochemistry, morphometry, DNA analysis [specify type],
cytogenetic analysis)

MICROSCOPIC EVALUATION

Polyp
Histologic type

Tumor (Carcinoma within polyp)
Histologic type (Note B)
Histologic grade (Notes C and D)
Extent of invasion (Note D):
Blood/lymphatic vessel invasion (Note D)
Distance of carcinoma from margin in mm (Note D)

Results/status of special studies (specify)

Comments
Correlation with other specimens, as appropriate
Correlation with clinical information, as appropriate
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COLON AND RECTUM

Local Excision (Transanal Disc Excision)

CLINICAL INFORMATION

Patient identification
Name
Identification number
Age (birth date)
Gender

Responsible physician(s)

Date of procedure

Other clinical information
Relevant history

- previous colon adenoma(s)/carcinoma(s)
- familial adenomatous polyposis syndrome
- hereditary non-polyposis colon cancer syndrome
- familial hamartomatous polyposis syndrome
- inflammatory bowel disease

Relevant findings (e.g., colonoscopic and/or imaging studies)
Clinical diagnosis
Procedure (e.g., transanal resection)
Operative findings
Anatomic site(s) of specimen(s)

MACROSCOPIC EXAMINATION

Specimen
Unfixed/fixed (specify fixative)
Number of pieces
Dimensions
Orientation of specimen (if indicated by surgeon)
Descriptive characteristics (e.g., color, consistency)
Layers of colon/rectum present (if grossly discernible)
Results of intraoperative consultation
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Tumor (Note A)
Configuration (Note E)
Dimensions (three dimensions)
Distance of tumor edge from closest margin
Estimated depth of invasion
Lesions in noncancerous colon/rectum (e.g., colitis, polyps)

Additional pathologic findings, if present

Tissue(s) submitted for microscopic evaluation
Carcinoma, including:

- points of deepest penetration (at least 3 sections; optimally 5 sections)
- interface with adjacent colon
- margin(s) closest to tumor edge

Frozen section tissue fragment(s)

Special studies (specify) (e.g., histochemistry, immunohistochemistry, morphometry, DNA analysis [specify type],
cytogenetic analysis)

MICROSCOPIC EVALUATION

Tumor
Histologic type (Note B)
Histologic grade (Note C)
Depth of invasion (Note F)
Blood/lymphatic vessel invasion (Note G)
Perineural invasion (Note G)
Extramural venous invasion (Note H)
Intratumoral or peritumoral lymphocytic response (Note I)
Pattern of growth at tumor periphery (Note J)

- infiltrating border
- pushing border

Margins
Distance of carcinoma from closest mucosal margin and/or deep margin

Additional pathologic findings, if present
Colitis
Dysplasia
Adenomas
Hyperplastic polyps
Other(s)

Results/status of special studies(specify)
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Comments
Correlation with intraoperative consultation
Correlation with other specimens, as appropriate
Correlation with clinical information, as appropriate
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COLON AND RECTUM

Segmental Resection

CLINICAL INFORMATION

Patient identification
Name
Identification number
Age (birth date)
Gender

Responsible physician(s)

Date of procedure

Other clinical information
Relevant history

- previous colon adenoma(s)/carcinoma(s)
- familial adenomatous polyposis syndrome
- hereditary non-polyposis colon cancer syndrome
- familial hamartomatous polyposis syndrome
- inflammatory bowel disease

Relevant findings (e.g., colonoscopic and/or imaging studies)
Clinical diagnosis
Procedure (e.g., right colectomy, transverse colectomy, left colectomy,

sigmoidectomy, abdomino-peroneal resection)
Operative findings
Anatomic site(s) of specimen(s) (e.g., cecum, right, transverse,

descending, sigmoid colon, or rectum)

MACROSCOPIC EXAMINATION

Specimen
Organ(s)/tissue(s) included
Unfixed/fixed(specify fixative)
Number of pieces
Dimensions
Orientation of specimen (if indicated by surgeon)
Results of intraoperative consultation
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Tumor
Location (Note A)
Configuration (Note E)
Dimensions (three dimensions)
Descriptive characteristics (e.g., color, consistency)
Ulceration/perforation
Distance from margins (Note K)

- proximal
- distal
- radial (soft tissue margin or serosa closest to deepest tumor penetration)

Estimated depth of invasion (Note F):

Lesions in noncancerous colon/rectum (e.g., colitis, other polyps)

Regional lymph nodes (Note F)

Non-regional lymph nodes (Note F)

Metastasis to other organ(s) or structure(s) (Note F)

Colon/rectum uninvolved by tumor

Other tissue(s)/organ(s)

Tissues submitted for microscopic evaluation
Carcinoma, including:

- points of deepest penetration (at least 3 sections; optimally 5 sections)
- interface with adjacent colon/rectum
- visceral serosa overlying tumor

Margins (Note K)
- proximal
- distal
- radial [circumferential] (soft tissue margin closest to deepest tumor penetration)

All lymph nodes (Note F)
Other lesions (e.g., polyps/colitis)
Frozen section tissue fragment(s)

Special studies  (specify) (e.g., histochemistry, immunohistochemistry, morphometry, DNA analysis [specify type],
cytogenetic analysis)
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MICROSCOPIC EVALUATION

Tumor
Histologic type (Note B)
Histologic grade (Note C)
Extent of invasion (Note F)
Blood/lymphatic vessel invasion (Note G)
Perineural invasion (Note G)
Extramural venous invasion (Note H)
Intratumoral or peritumoral lymphocytic response (Note I)
Pattern of growth at tumor periphery (Note J)

- infiltrating border
- pushing border

Associated pericolorectal abscess formation (if present)
Associated pneumatosis intestinalis  (if present)

Margins  (Note K)
Proximal
Distal
Radial (specify distance of carcinoma from closest radial margin in mm)

Regional lymph nodes (Note F):
Number
Number with metastases

Additional pathologic findings, if present
Inflammatory bowel disease
Dysplasia
Adenomas
Other types of polyps

Distant metastasis, specify site (Note F)

Other tissue(s)/organ(s)

Results/status of special studies (specify)

Comments
Correlation with intraoperative consultation
Correlation with other specimens, as appropriate
Correlation with clinical information, as appropriate



CALGB 89803
Appendix VI

11/15/0414

EXPLANATORY NOTES

A. ANATOMIC SITES
The protocol applies to all carcinomas arising in the colon and rectum.(1)

The colon is divided into four parts: the right (ascending colon), the middle (transverse) colon, the left (descending)
colon, and the sigmoid colon.  The right colon is subdivided into the cecum (peritoneally located and measuring about
6 x 9 cm) and the ascending colon (located retroperitoneally and measuring 15 to 20 cm long).  The descending colon,
also located retroperitoneally, is 10 to 15 cm in length.  The descending colon becomes the sigmoid colon at the origin
of the mesosigmoid, and the sigmoid colon becomes the rectum at the termination of the mesosigmoid.  The upper third
of the rectosigmoid segment is covered by peritoneum on the front and both sides.  The middle third is covered by
peritoneum only on the anterior surface.  The lower third (also known as the rectum or rectal ampulla) has no peritoneal
covering.(1)

Tumors located at the border between two subsites of the colon (e.g., cecum and ascending colon) are registered as
tumors of the subsite that is more involved.  If two subsites are involved to the same extent, the tumor is classified as
an "overlapping" lesion.  The rectum is defined clinically as the distal large intestine commencing opposite the sacral
promontory and ending at the upper border of the anal canal.  When measuring below with a rigid sigmoidoscope, it
extends 16 cm from the anal verge.  A tumor is classified as rectal if its inferior margin lies less than 16 cm from the
anal verge or if any part of the tumor is located at least partly within the supply of the superior rectal artery.(2)  A tumor
is classified as rectosigmoid when differentiation between rectum and sigmoid according to the above guidelines is not
possible.(3)

B. HISTOLOGIC TYPES
For consistency in reporting, the histologic classification proposed by the World Health

Organization is recommended and is shown below.(4)  However, this protocol does not
preclude the use of other systems of classification or histologic types. 

World Health Organization Classification of Colorectal Carcinoma
Adenocarcinoma in situ/severe dysplasia*
Adenocarcinoma
[Medullary carcinoma]**
Mucinous (colloid) adenocarcinoma (>50% mucinous)***
Signet-ring cell carcinoma (>50% signet-ring cells) †
Squamous cell (epidermoid) carcinoma
Adenosquamous carcinoma
Small-cell (oat cell) carcinoma †
Undifferentiated carcinoma †
Other (specify) ‡

* In order to avoid confusion with the term “carcinoma in situ” as it applies to pTis in the TNM
staging (see Note F below), it has been recommended that the term “intraepithelial carcinoma” be
used to refer to histologically malignant epithelium that does not penetrate the basement
membrane (i.e., shows no evidence of stromal [lamina propria] invasion).(5,6)

** Medullary carcinoma has been added to the revised WHO histological classification that will be published in 2000.
 Medullary carcinoma is a histologic type that is strongly associated with a high degree of
microsatellite instability (MSI-H) indicative of loss of normal DNA repair gene function.(6-8)
 With loss of function of any of the genes involved in the repair of mitosis-associated mistakes
in DNA synthesis (i.e., replication errors), mutations in daughter cells are rapidly accumulated.
 Ultimately, tumors with defective DNA repair acquire inactivating mutations of genes
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necessary for complex biologic activities such as metastasis.  For this reason, tumors with MSI-
H, such as most (if not all) medullary carcinomas, have a favorable prognosis compared to
microsatellite stable (MSS) tumors or tumors with low levels of microsatellite instability (MSI-
L).  Medullary carcinoma may occur either sporadically (7) or in association with the hereditary
nonpolyposis colon cancer syndrome (HNPCC).(8)  This tumor type is characterized by uniform
polygonal tumor cells that exhibit solid growth in nested, organoid, or trabecular patterns and
that only focally produce small amounts of mucin.  In addition, medullary carcinomas are
typically infiltrated by lymphocytes (tumor infiltrating lymphocytes) and have no
immunohistochemical evidence of neuroendocrine differentiation.

*** In most previous studies on prognostic factors in colorectal cancer, the impact of genetic
status (i.e., loss of DNA repair gene function with microsatellite instability) on the
relationship between histologic type and outcome has not been considered.  This shortfall
is particularly relevant to mucinous carcinoma, a histologic type that is common among
tumors with MSI-H.  Overall, most mucinous carcinomas are MSS.  Thus, it is not
surprising that, the prognostic significance of mucinous carcinoma has proven
controversial.(6,9)  A few studies, largely limited to univariate analyses, have indicated
that mucinous adenocarcinoma may be an adverse prognostic factor.  Alternatively,
mucinous carcinoma has been linked with adverse outcome only when occurring in
specific anatomic regions of the bowel (e.g., the rectosigmoid) or in a specific subsets of
patients (i.e., those less than 45 years of age).  In yet other studies, mucinous carcinoma
has been linked to adverse outcome only when mucinous and signet-ring cell carcinomas
have been grouped together and compared to typical adenocarcinoma.  Data of this type
may merely reflect the aggressive biologic behavior of most signet-ring cell tumors.  Only
one multivariate analysis has shown mucinous carcinoma to be a stage-independent
predictor of adverse outcome, but the study was limited to tumors presenting with large
bowel obstruction, which itself is an adverse prognostic factor.(for review see ref. 9)

† By convention, signet-ring cell carcinomas, small cell carcinomas and undifferentiated
(histologic type) carcinomas are high grade (see below).  The only histologic types of colorectal
carcinoma that have been shown to have adverse prognostic significance independent of stage
are signet-ring cell carcinoma and small-cell carcinoma.(9) Nevertheless, signet ring cell
carcinoma may occur in HNPCC in association with MSI-H.(10)  Thus, in cases of MSI-H signet
ring cell carcinoma, it may be expected that the prognostic significance would be determined
by the molecular pathogenesis and would be favorable.

‡ The term “carcinoma, NOS” (not otherwise specified) is not part of the WHO classification.

1.1.1.1.1.1 C. HISTOLOGIC GRADE
A number of grading systems have been suggested in the literature, but a single widely accepted and uniformly
employed standard for grading is lacking.  Among the suggested grading schemes, the number of grades as well as the
criteria for distinguishing among different grades vary markedly.  In some systems, grades are defined on the basis of
a single microscopic feature, such as the degree of gland formation, and in other systems, a large number of features are
included in the evaluation.  Irrespective of the complexity of the criteria, however, most systems stratify tumors into
three or four grades as follows:

Grade 1 - Well differentiated
Grade 2 - Moderately differentiated
Grade 3- Poorly differentiated
[Grade 4- Undifferentiated]

Variation in the appearance of individual histologic features may vary widely enough to make
implementation of the even the simplest grading systems problematic and, ultimately, subjective.
 Thus, a significant degree of interobserver variability in the grading of colorectal cancer has been
shown to exist.(9,11)  Nevertheless, despite this variability, histologic grade has repeatedly been
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shown by multivariate analysis to be a stage-independent prognostic factor.(9,12,13)  In specific,
it has been demonstrated that high tumor grade is an adverse prognostic factor.  It is noteworthy

that in the vast majority of studies documenting the prognostic power of tumor grade (9), the
number of grades has been collapsed to produce a two-tiered stratification for data analysis as

follows:
Low Grade:  Well differentiated and moderately differentiated
High Grade:  Poorly differentiated and undifferentiated

In general practice, a two-tiered grading systems would also be expected to greatly reduce
interobserver variability, since the widest variations in grading concern the stratification of low

grade tumors into well- or moderately-differentiated categories.  Pathologic identification of
poorly differentiated or undifferentiated tumors is more consistent, and interobserver variability
in diagnosing high-grade carcinoma is relatively small.  Therefore, in light of its proven prognostic

value, relative simplicity, and reproducibility, a two-tiered grading system for colorectal
carcinoma (i.e., low grade and high grade) is recommended.(6)  The grading should be based on

gland formation alone as follows(6):
Low grade = ≥50% gland formation
High grade = <50% gland formation

D. CARCINOMA IN AN ADENOMATOUS POLYP
Colorectal adenomas containing invasive adenocarcinoma that extends through the muscularis mucosae into the
submucosa have been defined "malignant polyps." These polyps constitute a form of early (i.e., curable) colorectal
carcinoma.  The definition of malignant polyps excludes adenomas containing in situ carcinoma (also known as
intraepithelial carcinoma) and carcinoma either limited to the lamina propria of the polyp mucosa or invading no deeper
than the muscularis mucosae (intramucosal carcinoma) because these polyps possess no biological potential for
metastasis.  The term "malignant polyp" encompasses both polypoid carcinomas in which the entire polyp head is
replaced by carcinoma and adenomas with focal malignancy.

Malignant polyps removed by endoscopic polypectomy require evaluation of histologic
parameters that have been determined to be significant prognostic factors related to the risk of
adverse outcome (i.e., lymph node metastasis or local recurrence from residual malignancy)
following polypectomy.(9,14-30)  Pathologic features that have been shown to have independent
prognostic significance and are crucial for evaluating risk and determining the possible need for
further surgical treatment (i.e., segmental colectomy) include:
- histologic grade of the carcinoma
- extent (level) of invasion of the carcinoma within the polyp
- status of the resection margin
- lymphatic/venous vessel involvement

Specifically, an increased risk of adverse outcome has been shown to be associated with:
- high grade (poorly differentiated) carcinoma
- tumor at or less than 1 mm from the resection margin
- presence of lymphatic/venous vessel involvement

E. TUMOR CONFIGURATION
Configurations include exophytic (fungating), endophytic (ulcerative), and diffusely infiltrative
(linitis plastica), or annular, but overlap among these types is common.  Exophytic is divided into
pedunculated and sessile.  Overall, gross tumor configuration has no independent influence on
prognosis.(6,9)  The uncommon linitis plastica type represents a possible exception.  It has an
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unfavorable prognosis, but its association with adverse outcome is probably related to the
underlying histologic type of tumor (signet ring cell carcinoma) rather than the macroscopic
configuration itself.

F. TNM AND STAGE GROUPINGS
Surgical resection remains the most effective therapy for colorectal carcinoma, and the best estimation of prognosis is
related to the pathologic findings on the resection specimen.  The anatomic extent of disease is by far the most
important prognostic factor.(12)

The protocol recommends the TNM Staging System of the AJCC /UICC (1,31) but does not
preclude the use of other staging systems.

Tumor (T)*
TX Primary tumor cannot be assessed
TO No evidence of primary tumor
Tis Carcinoma in situ - intraepithelial or invasion of the lamina propria or muscularis mucosae**
T1 Tumor invades the submucosa
T2 Tumor invades the muscularis propria
T3 Tumor invades through the muscularis propria into the subserosa

or into the nonperitonealized pericolic or perirectal tissues***
pT3a - minimal invasion: <1 mm beyond the border of the muscularis propria
pT3b - slight invasion: 1-5 mm beyond the border of the muscularis propria
pT3c - moderate invasion :>5-15 mm beyond the border of the muscularis propria
pT3d - extensive invasion: >15 mm beyond the border of the muscularis propria

T4 Tumor directly invades other organs or structures
†
 (T4a) or perforates the visceral peritoneum‡ (T4b)

* The designation "T" refers to the first resection of a primary tumor.  The symbol "pT" refers to the pathologic
classification of the TNM, as opposed to the clinical classification.  Pathologic classification is based on gross and
microscopic examination.  pT entails a resection of the primary tumor or biopsy adequate to evaluate the highest pT
category; pN entails removal of nodes adequate to validate lymph node metastasis; and pM implies microscopic
examination of distant lesions.  Clinical classification (cTNM) is usually carried out by the referring physician before
treatment during initial evaluation of the patient or when pathologic classification is not possible and is typically based
on information obtained by physical examination, serologic analyses, imaging studies, etc.(1)

Tumor    remaining in a patient after primary therapy     (e.g., surgical resection) is categorized
by a system known as R classification, shown below.(1,6,12)  For example, this
classification may be used by the surgeon to indicate the known or assumed status of the
completeness of the surgical resection.  For the pathologist, the R classification is
relevant only to the margins of surgical resection specimens.  That is, tumor involving
the proximal, distal or radial (circumferential) resection margin [see below Note K below]
on pathologic examination may be assumed to correspond to residual tumor in patient
and classified as to whether the involvement is macroscopic or microscopic.(6)

RX Presence of residual tumor cannot be assessed
R0 No residual tumor
R1 Microscopic residual tumor
R2 Macroscopic residual tumor.

Tumor    remaining       in       a       resection       specimen       following       previous       (neoadjuvant)       treatment    of any type (radiation therapy
alone, chemotherapy therapy alone, or any combined modality treatment) is codified by the TNM using a prescript “y”
to indicate the post-treatment status of the tumor (e.g., ypT1).(1,6)  For many therapies, the classification of residual
disease has been shown to be a strong predictor of postoperative outcome.  In addition, the ypTNM classification
provides a standardized framework for the collection of data needed to accurately evaluate new neoadjuvant therapies.
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Tumor that is locally   recurrent       after       a       documented       disease-free       interval    following surgical resection is classified according
to the TNM categories but modified with the prefix "r" (e.g., rpT1).  By convention, the recurrent tumor is
topographically assigned to the proximal segment of the anastomosis unless that segment is small intestine.(1,3)

**For colorectal carcinomas, “carcinoma in situ” (Tis) as a staging term includes cancer cells confined within the
glandular basement membrane (intraepithelial carcinoma) or invasive into the mucosal lamina propria, up to but not
through the muscularis mucosae (intramucosal carcinoma).  This may be confusing because, in all other organ systems,
the term “carcinoma in situ” is used to refer exclusively to malignancy that does    not    invade the underlying stroma. 
Therefore, for colorectal cancer, the terms “intraepithelial carcinoma” and “intramucosal carcinoma” are recommended
as descriptive terms to subclassify pTis and to clarify the status of the tumor.(5,6)  Tumor extension through the
muscularis mucosae into the submucosa is classified as T1.  Some pathologists classify intraepithelial carcinoma as
severe or high-grade dysplasia, especially in cases of inflammatory bowel disease.

***The extent of perimuscular invasion has been reported to influence prognosis, regardless
of whether regional lymph node metastasis is present.  Thus, an optional expansion pT3
has been proposed.(3)  Extramural extension >5mm has been shown to be the critical
subdivision associated with adverse outcome in most studies.  Thus, a simpler
subdivision, based on extension of ≤5mm vs. >5mm (i.e., pT3a,b vs. pT3c,d), may be
justified (3).  Extension of the tumor within lymphatics or veins does not count as local
spread of tumor as defined by the T classification.(3)

† Direct invasion of other organs or structures includes invasion of other segments of colorectum by way of the serosa
or mesocolon for example, invasion of the sigmoid colon by carcinoma of the cecum.     Intramural    extension of tumor
from one subsite (segment) of the large intestine into an adjacent subsite or into the ileum (e.g.. for a cecal carcinoma)
or anal canal (e.g., for a rectal carcinoma) does    not    affect the pT classification.(3)

‡ Perforation of carcinoma through a peritonealized surface of the colon is classified as T4b.(3)  Subdivision of T4 into
T4a and b is justified because a number of large studies that have evaluated serosal penetration as an independent
prognostic variable have demonstrated by multivariate analysis that it has a strong negative impact on prognosis.(32-35)
 In specific, it has been shown that the frequency of distant metastasis is higher in cases with perforation of the visceral
peritoneum compared to cases with direct invasion of adjacent organs or structures without perforation of the visceral
peritoneum (occurring in about 50% and 30% of cases, respectively).(3)  Furthermore, the median survival time
following surgical resection for cure has been shown to be shorter for patients with pT4b tumors compared to those with
pT4a tumors (with or without distant metastasis) as follows:(3)

5-Year Survival Rate Median Survival Time (mo.)
pT4a,M0 49% 58.2
pT4b,M0 43% 46.2
pT4a,M1 12% 22.7
pT4b,M1 0% 15.5

A study by Shepherd et al. (34) has suggested that the prognostic power of local peritoneal involvement in curative
resections may supersede that of either local extent of tumor (T category) or regional lymph node status (N category).
 However, serosal penetration is often difficult to assess histopathologically and may be underdiagnosed. 
Documentation of peritoneal involvement by tumor demands meticulous pathologic analysis and may require extensive
sampling and/or serial sectioning and can be missed on routine histopathologic examination.  It has been shown that
cytologic examination of serosal scrapings reveals malignant cells in as many as 26% of tumor specimens categorized
as pT3 by histologic examination alone.(34,36)  In addition, the histopathologic findings associated with peritoneal
penetration are heterogeneous and standard guidelines for their diagnostic interpretation are lacking.  Therefore,
interobserver variability in the diagnosis of peritoneal penetration may be substantial, and since most pathologists tend
to err on the side of conservative interpretation, underdiagnosis is likely for this reason as well. 

Shepherd et al. (34) analyzed the spectrum of microscopic features that may be seen with local peritoneal involvement
by tumor, and defined three types of local peritoneal involvement as follows:
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1) a mesothelial inflammatory and/or hyperplastic reaction with tumor close to, but not at, the serosal surface;
2)  tumor present at the serosal surface with inflammatory reaction, mesothelial hyperplasia, and/or erosion/ulceration;
3) free tumor cells on the serosal surface (in the peritoneum) with underlying ulceration of the visceral peritoneum.

All three types of local peritoneal involvement were associated with decreased survival, whereas tumor well clear of the
serosal had no independent adverse effect on prognosis.  Therefore, it is recommended that in that diagnosis of T4b
encompass the three types of serosal involvement detailed above.(6)

Regional Lymph Nodes (N)*
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Metastasis in 1 to 3 lymph nodes
N2 Metastasis in 4 or more lymph nodes**,***

*The regional lymph nodes for the anatomical subsites of the large intestine are as follows:
Cecum - anterior cecal, posterior cecal, ileocolic, right colic
Ascending colon - ileocolic, right colic, middle colic
Hepatic flexure - middle colic, right colic
Transverse colon - middle colic
Splenic flexure -middle colic, left colic, inferior mesenteric
Descending colon  - left colic, inferior mesenteric, sigmoid
Sigmoid colon - inferior mesenteric, superior rectal sigmoidal, sigmoid mesenteric
Rectosigmoid - perirectal, left colic, sigmoid mesenteric, sigmoidal, inferior mesenteric, superior rectal, middle rectal
Rectum - perirectal, sigmoid mesenteric, inferior mesenteric, lateral sacral, presacral, internal iliac, sacral promontory,
superior rectal, middle rectal, inferior rectal

**Nodes along the sigmoid arteries are considered pericolic nodes, and their involvement is classified as N1 or N2
according to the number involved.

***Perirectal lymph nodes include the mesorectal (paraproctal), lateral sacral, presacral, sacral promontory (Gerota),
middle rectal (hemorrhoidal), and inferior rectal (hemorrhoidal) nodes.  Metastasis in the external iliac or common iliac
nodes is classified as distant metastasis.(3)

Important       notes       on        Lymph        Nodes:
Submission of lymph nodes for microscopic examination: All grossly negative or equivocal lymph nodes are to be
submitted entirely.(6)  Grossly positive lymph nodes may be partially submitted for microscopic confirmation of
metastasis.

It has been shown that 12 to 15 negative lymph nodes predict for regional node negativity. 
Therefore, if fewer than 12 nodes are found, additional techniques (i.e., visual enhancement
techniques) should be considered.(6)  If fewer than 12 nodes are found after the use of visual enhancement
techniques, this should be communicated in the pathology report.  The pathology report should clearly state the total
number of lymph nodes examined and the total number involved by metastases.  Data are insufficient to
recommend routine use of tissue levels or special/ancillary techniques.(6)

Non-regional lymph nodes: For microscopic examination of lymph nodes in large resection
specimens, lymph nodes must be designated as regional vs. non-regional, according to the
anatomic location of the tumor.  Metastasis to non-regional lymph nodes is classified as distant metastasis and
designated as M1 (see below).

Lymph nodes replaced by tumor: A tumor nodule >3 mm in diameter in the perirectal or pericolonic adipose tissue
without histologic evidence of residual lymph node in the nodule is classified as regional perirectal/pericolonic node
metastasis.  However, a tumor nodule ≤3 mm in diameter is classified in the T category as discontinuous extension
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(i.e., T3) (1,3).  Multiple metastatic foci seen microscopically only in the pericolonic fat should be considered as
metastasis in a single lymph node for classification (1).

Micrometastasis: Routine assessment of regional lymph node metastasis is limited to the use of conventional
pathologic techniques (gross assessment and histologic examination).  A solitary focus of tumor in a single lymph node
that is visualized by routine histologic examination and measures ≤2.0 mm may be defined as a “micrometastasis”.(6)
 The biologic significance of micrometastatic disease (either a single focus in a single node, multiple foci within a single
node, or micrometastatic involvement of multiple nodes) as yet is unproven.  Pending definitive studies, it is
recommended that micrometastases be classified as pN1 but reported with a note explaining that the biologic
significance is unknown.  The number of lymph nodes involved by micrometastases should be clearly stated.(6) 

The biologic significance of metastasis detected only by special studies (e.g., immunohistochemical staining or
molecular analysis) is also unproven at present.  It is recommended that metastasis diagnosed on special studies alone
also be reported with a note explaining the unknown significance of the findings, but, in contrast to histologically
identified micrometastases, be classified as pN0.(6)  Currently, the data are insufficient to recommend either the routine
examination of multiple tissue levels of paraffin blocks or the use of special/ancillary techniques such as
immunohistochemistry for epithelial and/or tumor-associated antigens (e.g., cytokeratin, carcinoembryonic antigen, etc.)
or polymerase chain reaction (PCR) techniques to identify tumor RNA/DNA.(6)

Distant Metastasis (M)
MX Presence of distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis*

*Seeding of abdominal organs is classified as M1.

TNM Stage Groupings Modified Astler-Coller Stage
Stage 0 Tis N0 M0 Stage A
Stage I T1 N0 M0     N/A

T2 N0 M0 Stage B1
Stage II T3 N0 M0 Stage B2

T4 N0 M0 Stage B3
Stage III Any T N1 M0 Stage C1 (T2); C2 (T3); C3 (T4)

Any T N2 M0 Stage C1 (T2); C2 (T3); C3 (T4)
Stage IVAny T Any N M1 Stage D

G. LYMPHATIC (THIN-WALLED) VESSEL AND PERINEURAL INVASION
In several studies, both lymphatic invasion and perineural invasion have been shown by
multivariate analysis to be independent indicators of poor prognosis.(13,32,30,37,38)  The
prognostic significance, if any, of the anatomic location of these structures is not defined. 
Furthermore, it is not always possible to distinguish lymphatic vessels from post-capillary
venules since both are small, thin-walled structures. Thus, the presence or absence of tumor
invasion of small, thin-walled vessels should be reported in all cases and its anatomic location
within the colonic wall noted.(6)

H. VENOUS INVASION
Extramural venous invasion has been demonstrated by multivariate analysis to be an independent
adverse prognostic factor.(13,32,38-41)  Invasion of extramural veins, in particular, has been
shown to be an independent indicator of unfavorable outcome and increased risk of occurrence of
hepatic metastasis.(40,41) It has been shown that the submission of 5 or more blocks of tumor
significantly enhances the likelihood of finding extramural venous invasion when it exists and
reduces false negativity due to sampling error.(42) 
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The significance of intramural venous invasion is less clear, because data specific to this issue are lacking.  Nevertheless,
it is recommended that the presence or absence of venous invasion and its anatomic location should be reported in all
cases.(6)

I. LYMPHOCYTIC RESPONSE TO TUMOR
A conspicuous lymphoid reaction at the leading edge of invasive tumor or the presence of

lymphoid aggregates in the surrounding tissues (muscularis external and pericolonic or
perirectal fat) have both been shown in small studies to be independent favorable
prognostic factors.(11,41,43-45)  Intratumoral lymphocytic infiltrates are closely
associated with microsatellite instability and medullary architecture (see above) and
should be distinguished from peritumoral infiltrates.  Only moderate and high density
intratumoral lymphocytes (approximately 4 or more per high-power field) should be
considered significant.(6)  Reporting of host lymphoid response is optional.  If reported,
distinction should be made between peritumoral and intratumoral lymphoid infiltrates.

J. TUMOR PERIPHERY: GROWTH PATTERN
The growth pattern of the tumor at the advancing edge has been shown to have prognostic significance independent of
stage and may predict liver metastasis.(46-52)  Specifically, an infiltrating pattern of growth at the tumor border as
opposed to a pushing border is an adverse prognostic factor. 

Infiltrating borders have been defined as follows:(47)
Naked        Eye        Examination
• Inability to define limits of invasive border of tumor and/or
• Inability to resolve host tissue from malignant tissue

Microscopic        Examination       of        Slides
• "Streaming dissection" of muscularis propria (dissection of tumor through the full thickness of the muscularis

propria without stromal response) and/or
• Dissection of mesenteric adipose tissue by small glands or irregular clusters or cords of cells and/or
• Perineural invasion

Irregular growth at the tumor periphery has also been referred to as "focal dedifferentiation" and "tumor budding" and
defined as microscopic clusters of undifferentiated cancer cells just ahead of the invasive front of the tumor. 

K. MARGINS
It may be helpful to mark the margin(s) closest to the tumor with ink.  Margins marked by ink should be designated
in the macroscopic description. Margins include the proximal, distal, and radial margins.  The radial margin represents
the adventitial soft tissue margin closest to the deepest penetration of tumor.  For all segments of the large intestine
that are either incompletely encased (ascending colon, descending colon, sigmoid colon, upper rectum) or not encased
(lower rectum) by peritoneum, the radial margin is created by blunt dissection of the retroperitoneal or subperitoneal
aspect, respectively, at operation.

The radial margin has been demonstrated to be of importance in relation to risk of local recurrence after surgical resection
of the rectal carcinomas.(53-55)  Multivariate analysis has suggested that tumor involvement of the radial margin is the
most critical factor in predicting local recurrence in rectal cancer.(53-55)  For this reason, routine assessment of the radial
margin is suggested in all colorectal cancers, and measurement of the distance from the tumor to the radial margin,
representing the “surgical clearance” around the tumor is suggested.(56)  For segments of the colon that are completely
encased by a peritonealized (serosal) surface (e.g., transverse colon), the only radial margin is the mesenteric resection
margin, and it is relevant when the point of deepest penetration of the tumor is on the mesenteric aspect of the colon
and extends to this margin with or without penetrating the serosal surface.  For those tumors limited to an
antimesenteric peritonealized aspect of the bowel, the radial margin is not relevant.

Because of its association with local recurrence, involvement of the radial margin has implications for adjuvant therapy.
Whether the primary tumor is T3 (without serosal penetration) or T4b (with serosal penetration), resection is considered
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complete only if all surgical margins are negative including the radial margin.  That is, whether or not the tumor
penetrates a serosal surface, resection is considered complete if the resection margins (proximal, distal and radial) do
not contain tumor.  If a radial margin is involved by tumor, adjuvant therapy (e.g., local radiation) may be appropriate.

Sections to evaluate the proximal and distal resection margins can be obtained in two orientations: 1) en face sections
parallel to the margin or 2) longitudinal sections perpendicular to the margin.  Depending on the closeness of the tumor
to the margin, select the orientation(s) that best demonstrate the status of the margin.  The distance from the tumor edge
to the closest resection margin(s) should be measured.  In cases of carcinoma arising in a background of inflammatory
bowel disease, proximal and distal resection margins should be evaluated for dysplasia and active inflammation.
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PATHOLOGIC PROGNOSTIC FACTORS IN STAGE III COLON CARCINOMA

Study Investigator:

Carolyn Compton, M.D., Ph.D.
Massachusetts General Hospital

1.0 PATHOLOGIC PROGNOSTIC FACTORS

It is self-evident that, compared to data derived from additional assays, prognostic
information that can be derived directly from standard histologic sections of a tumor is
of the greatest cost-benefit to the patient. In the current era of cost containment, it is
essential that the prognostic and/or predictive significance of pathologic prognostic
factors be defined. In colorectal cancer, pathologic features were among the first variables
studied with reference to biologic behavior and have been the subject of numerous studies.
Unfortunately, an understanding of the biological significance of these features is still
lacking. Previous studies have been limited by small study size, retrospective analysis,
lack of defined guidelines for the assessment of individual pathologic features, and lack
of quality control. Besides employing different approaches to the analysis of pathologic
features, these studies have employed different staging systems. Since tumor stage is the
strongest prognostic indicator in colorectal cancer, all other factors of possible
importance must be analyzed against staging parameters in order to demonstrate
independent prognostic value. Overall, therefore, the prognostic significance of many of
the most familiar and widely reported pathologic variables in colorectal cancer is unclear
and remains to be defined by prospective studies with the statistical power of the proposed
investigations (1). The studies described herein have the additional advantages of the use
of an internationally accepted staging system (the TNM staging system of the American
Joint Committee on Cancer and the International Union Against Cancer) (2) and
standards of pathological evaluation proposed by the College of American Pathologists
(3,4), which will be provided to all participating pathologists by the CALGB. The
evaluations will be quality controlled by an expert gastrointestinal pathologist under the
auspices of the Pathology Committee of the CALGB.

In this study, pathology reports will be submitted along with the representative blocks of
tumor from each patient enrolled to the CALGB Pathology Coordinating Office (PCO).
Three H&E slides (top, middle and bottom) will be prepared from each block of tumor
tissue submitted. These are prepared routinely, according to PCO standard practice, for
purposes of quality control in order to: 1) check the accuracy of the diagnosis; 2) check
that the tumor in the block submitted is representative of the tumor described in the
pathology report; and 3) check that representative tumor is present in all three of the
tissue levels cut from the blocks (which, in turn, guarantees that all unstained sections
in between also contain representative tumor for correlative science studies). Dr.
Compton, a gastrointestinal pathologist who is the designated study pathologist from the
CALGB Pathology Committee and Colon Pathology Cadre, will read these slides for quality
control and assessment of tumor grade and proliferative index. Other histopathologic
features of possible prognostic significance will be assessed by the submitting pathologist
according to the CALGB Pathology Data form (see attachment). The individual pathologic
features to be assessed in this study are detailed below.
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2.0 PATHOLOGIC FEATURES TO BE EVALUATED FROM H&E SLIDES OF SUBMITTED TUMOR BLOCKS

2.1 Tumor Grade

A number of grading systems for colorectal carcinoma have been proposed in the
literature, but a single widely accepted, uniformly employed standard for grading is
lacking. Among the suggested grading schemas, both the number of grades and the
criteria for distinguishing among them vary markedly. In some systems, grade is
defined on the basis of a single microscopic feature, such as the degree of gland
formation. In other systems, a large number of histopathologic features are included
in the evaluation. Irrespective of the complexity of the criteria, however, most
systems stratify tumors into three or four grades as follows:

Grade 1 - Well differentiated

Grade 2 - Moderately differentiated

Grade 3- Poorly differentiated

(Grade 4- Undifferentiated)

Ultimately, however, histologic grading is largely subjective and is associated with
a significant degree of interobserver variability (5,6).

Despite these issues, histologic grade has repeatedly been shown to be an independent
prognostic factor on multivariate analysis (7-20). In specific, it has been
demonstrated that high tumor grade is an adverse prognostic factor. In the vast
majority of studies documenting the prognostic power of tumor grade, the number of
grades has been collapsed, and a two-tiered stratification schema (i.e., high grade and
low grade) has been employed for data analysis. In the two-tiered systems, low grade
has included both well differentiated and moderately differentiated adenocarcinomas,
and high grade has included poorly differentiated and undifferentiated cancers. In
general practice, a two-tiered grading systems would also be expected to reduce
interobserver variability, since the widest variations in grading occur with
stratification of low grade tumors into well- or moderately-differentiated categories
and diagnosis of poorly differentiated or undifferentiated tumors is more consistent
(21). In light of its proven prognostic value as well as its relative simplicity and
reproducibility, the use of a two-tiered grading system for colorectal carcinoma would
be advisable but, unfortunately, is not common practice.

It has also been demonstrated that RER+ colorectal cancers tend to be less well
differentiated than RER- tumors. Thus, it may be possible to recognize RER+ on the
basis of their degree of differentiation.

In this study, all tumors will be graded according to a two-tiered system as either low
grade or high grade. Correlation with outcome will be established by multivariate
analysis to determine the independent prognostic significance of tumor grade in stage
II colorectal cancer, high-risk stage II colorectal cancer and stage III disease,
respectively. In addition, correlation with other parameters such as RER status will
be assessed.

2.2 Tumor Proliferation Index

Cell proliferation is considered an indicator of colorectal tumor progression (22,23).
The proliferative index of colorectal tumors has been studied almost exclusively by
immunolocalization of cell cycle-related antigens such as Ki-67 and proliferating cell
nuclear antigen (PCNA) (24-28) and by flow cytometry (29-33). The results of studies
correlating proliferative indices determined by either method with clinical outcome
or with tumor stage or grade have been contradictory. The immunolocalization
studies for Ki-67 have shown no correlation with survival (26,27), but it subsequently
has been demonstrated that Ki-67 is also expressed in noncycling cells (34), a fact that
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is likely to skew results significantly. By contrast, studies using immunolocalization
for PCNA have shown that proliferation indices are independent predictors of tumor
recurrence and poor survival (24,25). Correlation of outcome with proliferation
indices determined by flow cytometry have also been contradictory, ranging from
strong correlation with adverse outcome (33) to no correlation at all with outcome
(30).

The practice of assessing tumor proliferation by mitotic figure counts (i.e., number
of mitotic figures per 10 high power fields) is commonplace with regard to sarcomas.
In fact, it is the standard method by which tumor proliferation is determined and by
which histologic grade assigned in most sarcomas. By contrast, mitotic figure
counting is rarely, if ever performed for carcinomas. Historically, mitotic density
determination fell out of favor as a method of choice for estimating proliferation
indices for colorectal cancer after the 1930s. However, it has been the subject of recent
studies (35) and found to correlate well with PCNA staining, but it is not widely
practiced. Recently, the subject of mitotic indices as a method for estimating
proliferation rates in colorectal cancer was revisited by the Colorectal Working Group
of the AJCC (1). Although little data on this method currently exists, the consensus
of the group was that the method held great promise in that it is inexpensive,
reproducible, universally available, easy to quality control, and correlates with data
derived by more complex and expensive methods. Furthermore, it can be performed
prospectively or retrospectively with equal accuracy. If shown to be prognostically
significant, mitotic counting would be justified as a part of the basic pathologic
analysis in all cases of colorectal cancer.

In this study, mitotic counts will be performed on all three of the H&E sections
produced by the CALGB PCO for each tumor in these studies. The average of the three
counts will be calculated as the mitotic index and the mitotic index will be correlated
with outcome.

3.0 PATHOLOGIC DATA COLLECTED BY THE SUBMITTING PATHOLOGIST ACCORDING TO CALGB
GUIDELINES

3.1 Tumor Border Configuration

For colorectal cancer, the growth pattern of the tumor at the advancing edge (tumor
border) has been shown to have prognostic significance that is independent of stage
and may predict liver metastasis. Specifically, an irregular, infiltrating pattern of
growth, as opposed to a pushing border, has been demonstrated to be an adverse
prognostic factor by several univariate (21,36-38) and multivariate analyses (39-45).
In some of these studies, infiltrating tumor borders have been referred to as "focal
dedifferentiation" (38) and "tumor budding" (44) and defined as microscopic clusters
of undifferentiated cancer cells just ahead of the invasive front of the tumor. In a
study by Jass et al. (40), interobserver variability among pathologists evaluating
tumor border configuration was found to be about 30% if no specific definitions of
infiltrating growth were provided. Concordance was found to improve to 90% when
the following diagnostic criteria were employed (40): 1) inability to define limits of
invasive border of tumor and/or to resolve host tissue from malignant tissue on
naked eye examination of the slide; and 2) “streaming” of tumor through the full
thickness of the muscularis propria without stromal response and/or dissection of
mesenteric adipose tissue by small glands or irregular clusters or cords of cells
and/or perineural invasion on microscopic examination.

In this study tumor border configuration will be analyzed according to the above
criteria by the submitting pathologist. The guidelines and rational for tumor border
evaluation are detailed in the CALGB Pathology Practice Protocol for Colorectal
Cancer which is provided to all participating institutions and is included in Appendix
III. The tumor border will be assessed as either infiltrating or pushing. Tumor border
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configuration will be correlated with outcome to determine the independent
prognostic significance of this feature.

3.2 Peritumoral Host Lymphoid Response

Lymphocytic infiltration of tumor or peritumoral tissue is indicative of a host
immunologic response and has been shown by multivariate analysis in several
studies to be a favorable prognostic factor (13,21,40,43). However, other studies have
either failed to confirm the prognostic significance of a peritumoral lymphoid
reaction (39,45) or have demonstrated its significance only by univariate analysis
(36,46-48). The specific features that are considered indicative of a host immunologic
reaction to tumor include perivascular lymphocytic cuffing in the muscularis propria,
perivascular lymphocytic cuffing in the pericolonic fat or subserosa, lymphocytic
infiltration at the tumor edge, and a "Crohn's-like" lymphoid reaction (i.e.,
transmural peritumoral lymphoid follicle formation).

In this study the peritumoral host lymphoid response will be analyzed by the
submitting pathologist. The guidelines and rational for evaluation of the host
lymphoid response are detailed in the CALGB Pathology Practice Protocol for
Colorectal Cancer which is provided to all participating institutions and is included
in Appendix III. Peritumoral host lymphoid response will be assessed as either
present or absent and will be correlated with outcome to determine the independent
prognostic significance of the presence (or absence) of this feature.

3.3 Lymphatic Vessel, Venous Vessel and Perineural Invasion

Venous invasion by tumor has been demonstrated to have an independent adverse
impact on outcome by multivariate analysis in at least 10 different studies (7,10-
12,20,21,49-51,53) and by univariate analysis in several additional studies (36,53-55).
However, some studies identifying venous invasion as an adverse prognostic factor
on univariate analysis have failed to confirm an independent effect on multivariate
analysis (56,57). Similarly disparate results have been reported for lymphatic
invasion as well (14,37,49,50,52,54,56-58). Further complicating the issue, several
multivariate analyses demonstrating vascular invasion to be a prognostically
significant factor have made no distinction between lymphatic and venous vessels.
In yet other studies, the location of the vascular involvement (e.g., invasion of
extramural veins) has been a strong determinate of the associated prognostic
significance (5,21). Perineural invasion has been shown to be an independent
indicator of poor prognosis in some studies (7,10,14,50,52,59,60) but not in others.
Overall, the prognostic importance of these features is strongly suggested by the
literature but remains to be confirmed by definitive prospective analysis.

In this study, lymphatic, venous, and perineural invasion will be analyzed by the
submitting pathologist. The guidelines and rational for evaluation of these features
are detailed in the CALGB Pathology Practice Protocol for Colorectal Cancer which
is provided to all participating institutions and is included in Appendix III. Each of
these features will be assessed as either present or absent and will be correlated with
outcome to determine their independent prognostic significance.

4.0 STATISTICS

Power estimates are presented for the primary endpoint of overall survival. The following
pathologic features will be studied: tumor grade; tumor mitotic index; tumor border
configuration; host lymphoid response to tumor; lymphatic vessel, venous vessel and
perineural invasion.

Each pathologic feature will be analyzed separately for an association with survival. The
expected median survival in this population of patients with Stage III colon cancer is 8
years. Power calculations are presented in Tables 1 and 2 below to detect differences in
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median survival between 6.5 years and 9.0 years (hazard ratio 1.4) and 7.5 years and 10.5
years (hazard ratio 1.4) at three prevalence levels for the pathologic variable: 10%, 30%
and 50%. Similarly, Tables 3 and 4 contain power estimates to detect differences in
median survival between 6.5 years and 10.5 years (hazard ratio 1.6) and 7.5 years and 12
years (hazard ratio 1.6). All power estimates are based on the following assumptions: 1)
accrual of 450 patients (or 337 patients at 75% of total enrollment) per year for 2.8 years;
2) three years follow-up; 3) two-sided log rank test; 4) exponential survival; 5) improved
survival in the “smaller” arm for unequal sample sizes. Power estimates are provided for
significance levels of 0.01 and 0.05. The Cox Regression Model will also be used to study
the simultaneous impact of these variables on survival.

Table 1. Power estimates to detect the difference in median survival between 6.5 and 9.0
years (hazard ratio 1.4) for prevalence of 10, 30 and 50% and significance levels 0.01 and
0.05. Power for 75% total enrollment given in parentheses.

Prevalence Power
10% 0.01 0.24 (0.17)

0.05 0.47 (0.37)
30% 0.01 0.64 (0.49)

0.05 0.84 (0.72)
50% 0.01 0.76 (0.61)

0.05 0.91 (0.81)
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